MEASUREMENTS OF TIHE (‘RANIAL FOSS..

By ALes Hrepricra,

Assistant Cuvator, Division of Physical Anthropology, U N, National Mosewn.

While there exists only a gencral correlation between the outside
and the inside of the skull, the brain and the eranial cavity correspond
under normal conditions exactly. The brain is separated from the
skull only by the meninges, which, however, are of small and uniform
thickness, and adhere everywhere closely to the organ as well ax to the
bone, so that the above statement is not atfected.

The skull cavity presents certain subdivisions, known as eranial fos-
swe, which correspond with certain portions of the brain.  These fossw
are termed the anterior. middle, and posterior. and the parts of the
brain they inclose are the anterior, middle, and posterior lobes of the

cerebrum, with the cerebellum.  The two last named occupy the pos-
terior fossa on each side, one its superior and the other its inferior
portion. Ax the study of the brain is continually gaining in impor-
tance, one of the most valuable investigations on this organ would he a
series of accurate measurentents of its lobes: but the brain is soft, and
betore it ecan be measured must be hardened in preservatives.  This.
in the case of the heavy human brain, is seldom achieved withont sonte
flattening or other deformation. Measurements on a deformed organ
-an, however, never be accurate and ean not be relied upon for any
finer differentiations. Moreover, normal human brains are not easily
obtained, even those of the whites, and in the caxe of many races, in
which the study of the organ is most urgent. the material is extremely
limited or wholly wanting. Asa good example of this may he cited the
North American Indian. whose brain has never yvet been properly
studied. There are now in the U. S. National Museun just three brains
of these people. and all of them are so badly deformed or damaged as to
be entirely unsuitable for measurement. Under such circumstances,
and in view of the close correspondence of subdivisions of the brain
with those of the skull eavity, it becomes desirable to utilize. so fur ax
feasible, measurements on the latter and on its subdivisions. This has
heen attempted by the anthor, and the present report is the result of a
limited number of the more important measurements.
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This paper deals with the absolute and .the relative lengths of the
cerebral and cerebellar fosswe in man and a sevies of antmals, and with
the relation of the length of the different fosswe to the form of the skull.

The detailed objects of the study were the clucidation of how the
several fosswe, or rather the parts of the brain which they limit, differ
in the various races of mankind, in the two sexes, between the young
and adults, between man and other mammals, and, finally. in dolicho-
and brachycephaly.

A similar study of the cranial fossw has not, so far as the writer
was able to learn, been as yet attempted. General remarks on the
size of the fosswe will be found in Cuvier;® Morton? weasured the
capacity of the **anterior™ and * posterior™ chamber of the skull,
Huschke ¢ and Aeby “ the eapacity of the froutal and occipital verte-
bree, and Giufirida-Ruggeri¢ that of the cerebellar fossa; finally a
number of observers’ have measured directly the several lobes of the
brain; but linear measurements of the fossw are wanting.  Yet these
cavities offer stable boundaries for measurements that are less compli-
cated and less subjeet to the results of variations in the bones themselves
than Huschke's or Aeby’s capacities.

One of the main reasons why the eranial fossa have not reeeived
more attention in anthropometry was undoubtedly the scareity of
snitable matevial, i. e., cut sknlls, and it was the writer’s opportunity
in this particular that was the direct cause of: his undertaking the
measurements.  From 1897 to 1903 the writer enjoyed the privilege
of examining the great osteological eollection in Prof. Gieorge S.
Huntington's Morphological Museum in the College of Physicians
and Surgeons,” New York, and to this were added, every year, a fair
number of identified skulls, from which the ealvarium had been
removed for the purpose of brain demonstration. This provided an
ample supply of skulls, already eut, of whites and some of negroes,
to which, since 1903, it has been possible to add necessary series of
Indian, fetal, and animal crania from the collections of the U. S.
National Museum. The writer is particularly indebted to the Division
of Mammals of the National Museum for the comparative material.

@ Le¢ons d'anatomie comparde, 2 ed., Paris, 1837, p. 288,

bR, G. Morton, Crania Americana, Philadelphia, 1839, pp. 253-256.

¢ E. Husehke, Schaedel, tHrn und Seele, Jena, 1854, p. 46. (Refers also to C. G.
Carus, who compared the three vertebrie—firontal, parietal, and oceipital—from
measurements obtained between points on the exterior surface of the bones.)

@ C. Aeby, Beitriige zur Kenntniss der Mikrocephalie, Arch. f. Anthrop.. VI1I,
1874-1875, p. 15.

< V. Ginffrida-Ruggeri, La capacitd della fossa cerebellare, Sperimentale, XXV
1899, pp. 131-135; also in Areh. ital. de biol.,, XX XI1I, 1899, p. 455.

7 See especially D. J. Cunningham. Address to the Anthropologieal Seetion, Brit-
ish Association, Glasgow, 1901, pp. 1-13; also in the Proc. British Association of 1901,

7 The medical department of the Columbia University.
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LANDMARKS AND LINES OF MEASUREMENTS OF THE ANTERIOR AND MIDDLE FOSSAE.

aa, anterior fossa, anterior landmark: ap, anterior fossa, posterior landmark: wea, middle fossa,
anterior landmark; mp, middle fossa, posterior landmark.
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A Jong delay in publishing the result of this study was occasioned by
lack of anthropoid ape skulls; but even this was eventually supplied
from the valuable collection recently sent to the National Musewn by
Dr. W. L. Abbott.

The total number of specimens measured was as follows :

Skulls of adult males, white:

Dolichocephals@ .. el 520
Mesocephals .. ... o iiiiiiaeieaaoo. 20
B by ER 5 oocococsoncsasasocststasssatmannoootEBaBERaE00E BEEEa 20
Skulls of adult females, white:
Dolichocephals. .o ... 10
Mesocephals © oo ..... 10
Srachycephals ..o .o ..., 10
Skulls of adult males, Tndian:
Dolichocephals. ... .o ... 10
Brachycephals o ... oL ..., 10
Skulls of adult males, negro, ¢ dolicho- to mesocephals _._._ ... ... ... __. 15
Skulls of adult females, negro, doliclio- to mesocephals. .. ... ... ... _.___ 10
Nkulls of fetuses and children:
White, brachyeephals _. .o oo ... 10
Negro, brachycephals. o000 oo oo .. - 10
Negro, dolicho- to mesocephals. ..o oo oL 20
Skulls of adult anthropoid apes. ..o oo oo .. 13
Skulls of adult monkeys and other mammals ... o . ... 10
Total crania measured __ ..o L .o L i Lol L. .. .. _.._.._. 198

Considerable ditliculty was encountered at the start in the choice of
appropriate measurements and the fixing of good landmarks. Repeated
trials showed that measurements of height and breadth of the fossa,
though highly desirable; were quite impracticable, and that to a cer
tain extent artiticial landmarks would have to be established for the
longitudinal dimensions.  In searching tor such points from which to
measure, the writer was guided by the desire of having the measure-
ments on the bones ecorrespond as elosely as possible to definite seg-
ments or portions of the brain, and the ultimate selection in human
adults was as follows:

Auterior possee: adults.—'The anterior points from which to measure
(rret. aa, Plate X1V), are located on the are of a circle of 2 cin. radius.,
with the foramen cocenm as center: and. 1.2 em. laterad of the median
line. They eorrespond closely to the lower hnits of the frontal poles.

The posterior points («p, ap) are on the free horder of the lesser

“Dolichocephals: Cephalic index up to 75; mesocephals, 75.1 to 80; hrachycephals,
above 80.

b Some of the crania were partly damaged, ~o that not all the fossie could he’exam-
ined; details will be clearly seen in the final tables.

¢Including several African blacks; among the American negroes, though all pos-
sessed the features of the race, several were probably of mixed blood (white and
biack).
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wing of the sphenoid, 2 em. laterad from the outer border of each
optie foramen (base of the anterior elinoid process).

The line between ¢ and «p runs near to the line of the internal
orbital sulcus of the brain and follows closely the horizontal plane of
the base of the frontal lobe.

Middle fossee; adults.—The anterior kindmarks from whieh to meas-
ure (ina, ma,) are located at the anterior extremity of a line passing
vertieally beneath the points ap, «p. They eorrespond closely to the
point of the maximum forward bulge in the line of the middle fosse,
i. e. to the poles of the temporal lobes of the cerebrum.

The posterior point (mp, mp) is on the middle of the superior
border of the petrous part of each temporal bone (in the middle
between the distal end of that border at the temporo-parietal suture
and the medial extremity of the petrous wedge). The lines ma—mp
are suitable representatives of the antero-posterior diameter of the
temporal lobes of the brain.

The posterior fossw consist each of a eerebral and a cerebellar por-
tion, hoth of which were measured. For anterior landmarks of both
portions in adults were chosen the points mp. For the posterior land-
marks of the cerebellar parts of the cavity (p7, pi, Plate XYV)
points were selected on the lower ridge of each lateral sinus, 1.5 cm.
from the median line, and the posterior points for the measurement of
the cerebral part (s, ps) are 2.5 em. vertieally above a horizontal line
passing through the more superior of the pi marks.

The left inferior ridge of the lateral sinus and hence the left p2
point is in adult man very often lower than the right. In all such
cases it is sufficient for practical purposes to determine the location of
the right ps point and place the left ps horizontally opposite, 1.5 em.
from the median line. The median line is determined by extending
the long axis of the foramen magnum.

The i p—pi line corresponds to the length of the superior plane of
the cerebellumg while the 7p—ps line measures the length of that part
of the cerebrum which lies on the tentorinm. The ps points corre-
spond quite closely to the occipital poles of the cerebrun.

In the skulls of the human young and of varions mammals, the
landmarks were virtually the same as in human adults, with the
distances between ¢ and @« and the points in the posterior fosswe in
the smaller skulls diminished proportionately according to the size of
the skull.

Several additional measurements besides the foregoing were taken on
the ventral parts of the skulls and will be referred to later.

No “deformed, pathological, or in any way abnormal skull was
ineluded in the series measured, and due care was exereised concerning
fortuitous variations atfecting the landmarks.
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LANDMARKS AND LINES OF MEASUREMENTS OF THE CEREBRAL AND CEREBELLAR PARTS
OF THE POSTERIOR FOSSA.

amp. middle fossa, posterior landmark: ps, posterior point from which to measure the cerebral
part of the posterior foxsa; pi, posterior point from which to measure the eerebellar part of the
posterior fossi, :






No. 1521. MEASUREMENTS OF ('RANTAL FOS

lh(\ instruments n\ed were a small. straight, rigid. sharp-pointed
compass: the ordinary anthropometrie sliding eompass; @ compass with
sharp-pointed, eurved branches, each provided at its middle with an
additional joint— an instrument that could be easily converted into an
endocompass; and a piece of brass wire 16 ¢m. long and 2 mm. in
diameter, bent in the middle at right angles. This wire served for
measuring the middle fossa, the Ivn«rth heing marked on it. and read
oft with the help of the graduated rod of the .~]1(hng compass.

To facilitate the presentation of the facts obtained, the measure-
ments of the cerebral fosswe are not only given in absolute figures, but
also in their relation to the greatest external and the mean internal
antero-posterior diameters of the skull, and to the siun of the lengths
of the three cavities.  This latter relation, or index, equals with each
fossa the length of the fossa multiplied by 100 and the result divided
by the sum of the lengths of the 3 cerebral fosswe on same side of the
skull.

As to the results of the measurements, it should he eonstantly borne
in mind that they reflect only on the length of the various parts of the
brain, and not on other dimensions or mass of these parts, which
may be expected to show many additional and perhaps varied fea-
tures. These ean he determined only by extensive measurements on
the brain itself.
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ANTERIOR FOSSZ.

The figures that tollow give averages of the absolute lengths of the
anterior cranial fosswe in the several series of human adults. These
data have only a limited value in crude form, except for showing
important differences on the two sides of the skull. In this respect it
is seen that the average length of the right frontal cavity is greater in
every series without exeeption. This interesting faet, not brought out
before. ealls for further detailed observations on the brain in this
region. )

Anterior fossw: Average length in adults.

Males. Females.

Il
J I)nll(lm(t ph- \ | . ‘ Brachyceph- Dolichoceph- o Brachyceph-
— [ ke PR Mesocephals. | ke, Pz | ik I Mesocephals. l i
’ | = g T 2 ) = —
ERRERE e e e e e e
z| 3 | E| 3 E| 3 & I |&| 3 |8 3
L mm. . | mm. mm. . mui. mm. mie. mune. ‘ nem. mmn. .
(14) 11 (11 (5) (6) (6)
Whites....._.. 53.1 52.8 | 52.2 50.9 [50.2 | 49.4 d48.7 47.8 | 50.5 49.4 | 48.9 48.3
@ (—0.8) a(—1.3)| a(—0.8) a(—0.9) a(—1.1) “(—0.6)
(10) (10)
Indians ....._. 46.9 4604 il 45.7 45.2 iioioiiiicae ceaaa-s S
a(—0.5) a(—0.5)
(14) (5) \
IAEF RO S e el al.2 ED0 e oocod Bassannn boocas baset . | 51.1 B Zpcocoococogalitoocs  odoooos
‘ a(—1.2)’ ’ (—1.9)

a Difterence from the right fossa,
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There are 111([1\'1(111:1] cases in w hloh the fossw are of equal lmwth
or where the left fossa is the longer, but they are small i number in
adult sknlls and may almost be regarded as exceptions. . They ocenrred
as follows

Length of autevior fossa on the two sides in hwnan adults.

| Right ante-

rior fossa Anterior Left anterior
] 888

foss of equal, fossa longer

Pk lm(l_f"‘i‘[ ((’}f" T Jength (per | (per centof
s centof eases). ‘ eases),
14. Adults, whites, males, dolichocephe G 14 21
12. Adults, whites, males, mesocephals 67 | 17 17
11. Adults, \\hlt(c males, brachyceephals . 64 | 18 18
5. Adu]h \\hm'\ lvumlm dolic lm('q)lm]s .............. 80 20 0
6. Adults, wlnte\ females, mesocephals ..o o . L. N3 ‘ 17 0
6. ;\dults, whites, fom:llcs, hrn(‘hy(‘cplmls .............. | 33 50 16
10. Adults, Indians, males, dolichocephals ... ... ... 60 ‘ 10 30
10. Adults, Indians, males, hrachycephals.. ... ... .. ... 60 20 20
14. Adults, negroes, males, dolichiocephals _.....o.. ... ... 57 29 14
5. Adults, negroes, females, dolichocephals ....o..o. .o 0. 80 20 0
Totals (93 sknlls). ... . 63.5 20.5 16.0

The right anterior fossa, it is seen, exceeds in length the left in
3.5 per cent, or very nearly two-thirds, of adult hnmzm skulls, the
left exceeding the right in only 16.0 per cent, or approximately one-
sixth, of instances. ‘

In the crania of small children and human fetuses, and in those of
anthropoid apes and other mammuals, the conditions differ from those
in human adults, namely:

Length of anterior fossa on the two sides in lntman fetuses, ee.

erﬁ)l;tlgllst;" Anterior ! Left anterior
Qe e an foss@eof equal Tossa louger
Skulls. 10]{’:21" '(111" T “length (per | (per cent of
cases). cent of eases). cases).
10 fetuses and ¢hildren, whites, braehyeephals ............. 10 60 ’ 0
10 fetuses and ehildren, colored, brachycephals. 50 50 0
20 fetuses and children, colored, dolicho and meso cephals . 50 45 5
Total (JOskulls) ... 47,5 50 2.5
2 vlnmp.uwoos N 100 0 0
1 gorilla . (100) 0 0
6 orangs 50 33 17
1 i DONS « e 25 25 50
Total (13 skulls) .o e 5 . 23 23
B D L0 Y 23; i) D 0
1lemur, 1 bear, 1 deer. ... . e a3l 67 0

aThe deer.

In human fetuses and children the percentage of cases where the
right anterior fossa is longer than the left is decidedly smaller than in
human adults, and the same is true of the cases of excess of the left
fossa, while the proportion of instances where the two cavities are of
the same length is much larger. This shows that although the
inequality of the fossae develops in some cases early, in utero, it does

P BRRN—
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not develop in «1111t a large percentage of cases until in later, post-
natal life, very likely during the years of the most rapid growth of
the brain and the skull.  However, even in view of these cases of later
development, it is impossible to regard the unevenness of the anterior
fossee, with a prononneed tendency to a moderate excess on the right
side, otherwise than as a principal hereditary character.

As further data show, the predominance in length of the right
frontal fossa is already well marked in those anthropoid apes that stand
nearest to man: and it also occurs occasionally in monkeys and other
manmals. Tt is therefore a vather widely shared and ancient feature.

The actual differentes in length of the cavities. while often small,
are in some cases very decided as shown in the following table. It may
be stated here that none of the small inequalities were included in the
lists unless clearly established by the sharp-pointed, straight-branched
compass, measurements with which ave free from error.

cAbsolute diffevences in length of the unterior fossw; right fossa the longer in cases:

Above

| | !
Subjects, 05mm. T mm. 1L.5mm. 2 mm, 2.5mm. 3 mm. 3.5mm. 4.0 mm.| 4 svonm
< ’
|
9 14 15 6 1 5 5 1 a3
i i
6 ‘ 9 0 4 0 0 0 0 0
2| 2 4 | 1 0 (] 0 0 0
1| 1 0 0 0 0 0 0 0
_— . - S 4 it
Absolute differences in length of the anterior fossw; left fossa the longer in cases:
= e R - | L 5
Subjects. 0.5mm. T mm. 1.5mm. 2 mm. 2.5 mm. 3 mm. 3.51mm. ,A.b““
| | ‘ 3.5 mm.
Human adults ............... .. 3| 3 1 1 2 1 0
Human fetuses and young childre . 0 0 T 5} 0 0 0 0
A D I PetRiTe < o o/e == e e sl lels oo 3 0 0 0 0 (1]

a1l 4.5 mm.; =55 mm.;: 1=7.5mm.

The 1nequuhtle.\ are greater in favor of the right fossa: they are of
a smaller and restricted range in the young: they show a fair Jatitnde
in the anthropoid apes. but are very small in the lower mammals
examined.

Form of skull and race, it was found, are apparently not factors in
the development of the differences in length of the two cavities, and
the same is probably true of sex. A reference to the detailed tables
will also show that among human and aunthropoid ape adults there is
no regular correspondence between the variation in the relation to
each other of the two frontal fosse and the dimensions of the cranium.

The next point of importance to be cleared is the relation of the
mean absolute length of the anterior fossw to the size of the skull.
Are they not only absolutely but also relatively larger in skulls of great
size, and the opposite—or is the difference confined only to theirabso-
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lute proportions? In this instance the fossie ean be advantageously
contrasted with the greatest antero-posterior (glubello-oceipital) eranial
diameter, one of the most familiar of skull measurements.

There are in all 60 skulls (3 series each of 20 specimens) of white
males and 30 (3 series each of 10 specimens) of white females. Tak-
ing the 9 largest® and the 9 smallest (3 of each from each series) of the
former and the 6 largest and 6 smallest (2 of each from eael series) of
thie latter group. we ftind the following eonditions as regards the
length of the frontal cavities:

Relation of the length of the anterior fossw to the greatest eternal length of the skull, in
erania of extreme sizes, in whites.

Males. Females.
Average relation of the mean length of the two anterior fosswe to the
greatest external eranial diameter, the latter being taken ax 100, in
the largest skulls. . 26.5 26.7
Extremes ......... 24.5-28. 4 25.6-28. 6
The same in the smallest skul 27.1 28.7
IDRMEETIER 6605500000 066000565C000500000050500500650066-00005ROEH000 030000 25.3-28.9 25.8-30. 6

The differences are not large, and the detail data showed individual
exceptions to be quite numerous: nevertheless both the average values
and the extremes plainly indicate a predominance of relatively longer
frontal fossee in the smallest and of relatively shorter frontal cavities
in the largest erania.

Very much the same conditions as in whites were found in this regard
also among the Indians and the negroes, namely:

Relation of the length of the anterior fossewe to the greatest external length of the skull in
erania of extreme sizes in the Indians and negroes.

Males. Females.

Average relation of the mean length of the two anterior foss@ to the greatest
external cranial diameter in the largest skulls:

6 Indians (3 of each series)
3 negroes
2 Negroes. ......

The same in the smallest skulls:
6 Indians (3 of each series)
3 negroes.. oo
2 negroes. . ..

The preceding igures are open to one objection—the external length
of the skull, to which lengths of the fossw were compared, ineludes
two walls of bony tissue, and it is not certain that the proportion of
the measurement due to this tissue, known to differ in the sexes and
races, 13 the same with the large as well as the small skulls. The
larger this proportion of bony substance the smaller must be the
relative length of the fosse, and the opposite. 1t was actually found,
by comparing the dorsal with the ventral length, that in most of the
series the amount of bone entering into the composition of the
greatest external antero-posterior diameter of the skull is larger in

@ The size of the skull heing determined by the mean of its greatest length and
breadth; height was not obtainable in most cases, but there were no extremes.
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the spacious than in tho .snmll crania. Tho comparison of the t\\o
diameters, the mean ventral length being taken as 100, was as follows:

Relation between the greater dorsal and mean ventral lengtlh of the skall.

Skulls } \I‘)’ef"‘ In the largest I:l?w“f ; In the small-

‘ i, skulls. RO est skulls,
W@ i85 6000000000006 600000 50308000660 00003 9GO0 6 108.5: 100 6 108. 5 : 100
White females. 6 109.9: 100 6 108.5: 100
Indian males.. 6 109.2: 100 6 108,21 100
NEEHTERS, DO SoRET cocoonmnnantontococoton00c000a0000 5 110. 6 : 100 5 108.8: 100

l,

These ditterences make it necessary to contrast the length of the
fosswe in skulls of extreme sizes with the ventral rather than dorsal
length of the skull, by doing which the following proportions are
obtained (the mean ventral maximum antero-posterior diameter heing
taken as 100):

Mean length of the anterior jossw compared with meawn ventral length of shall in the largest
and simallest adult erania.

[ | In the || ' In the
Skulls. Number of specimens. | largest | Number of specimens. | smallest
| skulls. | skulls,
Whitemales ... .....oo.oo. oL b (2 of each series) . 28, 4 K (2 of eaeh series) .
White females ... [o..o. do 208711 =" o5
Indianmales ................ J.....do. 28.8 || 6 (3 of each series) ...
Negroes, both sexes............... 5 (3 males, 2

h 2 1emnlu) 30.3 || 5 (3 males, 2 females).
S S L

The differences are somewhat smaller than when the fosswe were
compared with the external cranial length, in all except the white
males; but in all of the groups, with the L\Leptlon of the Indian mnlm,
the average of the relative proportions of the frontal cavities in the
smallest skulls remains perceptibly above that in the largest speci-
mens. The conclusion before reached of a predominance of relatively
longer anterior fosswe in the smallest than in the largest crania is
hereby confirmed.

The same interesting fact can also be brought out by contrasting
the size of the skull with a nnmber of the largest and smallest relative
values of the anterior cavities. This procedure? gives the following
results in the different groups of adult crania:

9 skulls of white males with the highest relative length ¢ of the anterior fosse.. 16.5

9 skulls of white males with the lowest relative length of the anterior fossie ... 16.9
6 skulls of white females with the highest relative length of the anterior fossee. 15,4
6 skulls of white females with the Jowest relative length of the anterior fosswe. . 15.8
4 skulls of Indian males with the highest relative length of the anterior fosse. . 15.5
4 skulls of Indian males with the lowest relative length of the anterior fossw. .. 15.9
5 skulls of negroes with the highest relative length of the anterior fosswe...._.. 15. 8
5 skulls of negroes with the lowest relative length of the anterior fosse _.._._. 16.1

« Represented by the mean of the greatest external length and breadth of the skulls.
b That is, the highest relation of the mean length of the two fossw to the maxi-
mum antero-posterior (glabello-occipital) diameter of the skull.
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It is seen that tlnouuhout in adults, the ml.lt]\'cl) longer anterior
fosswe correspond to smaller skalls, and the opposite. ic Indian and
negro, and the sex, are no exeeption; apparently the phenomenon is
general in the whole human family. Individual eases not agrecing
with the rule were met with in all the groups, but were not very
numerous.  The immediate cause of the condition, upon whieh more
light will be thrown in later paragraphs, ean only he a slightly less
capuaeity, or rather necessity, of growth in length of the frontal tossa
than that of growth in length of the rest of the cranium. This can
in all prohability be applied also to the growth of the frontal lobes
of the eercbrum, an indieation of a relatively greater expansion of
the other portions of the organ, containing the motor and sensory
areas, in the course of development.

It remains to consider the proportions of the anterior fosswe in adults
and young, men and animals, sexes, races, and different eranial forms.
For these purposes the mean leng Lh of the two fosste may be eompared
again with the greatest external eranial diameter. The following
table presents in a sueceinet form the results.  Only those skulls are
here included in which both fossae could be measured, whieh removes
sonie possible eauses of error.

Length proportions of anterior fosse in relation to greatest external length of the skull.

| A\\ emge Average Average relation

external| mean | of the length of

Num-
STV, N maxi- lengthof the fosswto the
Subjects. !{;‘J](l)g | mum the 2 dorsal length
'“ ”* length of anterior
skull. | fossa.
Adults: |
Whites, males— cm. mn.
Doliehocephals ... ..o .. . ..., 14 19.4 52.7 | 27.2 (25.3-28.8)
Mesocephals 11 18.7 51.5 | 27.5 (24.3-80.2)
Brachyeephals.... ... . ... iy 1t 18.2 49.8 | 27.3 (24.5-30.9)
Whites, females—
Dolichocephals ... .. . . .. ... .. 5 ! 17.8 48.2 27.1 (24.6-30.6)
Mesocephals ... .. 6 17.8 49.7 | 28.1 (26.1-30-6)
Brachycephals....o.o.oooooiiiiiiiiiii .. 6 17.3 | 43.6 | 28.2 (25,6-31.2)
Indians, males— |
Ilohchmephal .................................... 10 18.3 | 46.6  25.5 (22.7-29.6)
[EelnteeoliEli o oo ceconaonecmooonmaanomo0 aomano 10 16.9 45,4 26.8 (24.4-28.5)
Negroes—
Males, dolicho- and mesocephals ... .. ... ... 14 8.6 50.6  27.3 (25.3-30.7)
bcnmlu dolicho-and mesocephals........ ... . 5 17.7 50.1  28.3 (26.2-30.2)
Fetuses and young: ’ |
White fetuses and children, brachyeephals ............. 1) R [ 31.1 (28.6-35.0)
Colored fetuses and children:
Brachyecephals. ..o oo oo 10 |. 30.9 (27,5-35.7)
Dolicho-and mes als ..o ... 20 4.1 30.6 (26.1-35.6)
Anthropoid ape
Chimpanzees ... .. .. .. .. . oo 2 32.9 (31.4-34.0)
L 6 30.4 (28.2-32.8)
Gibhons...... 4 36.2 (35.0-37.3)
Monkeys and lemurs: |
Macacus pelops ......... R 1 8.2 29.5 | 36.0
Cebus hiypoleucus 1 7.5 23.2 | 30.0
Alonata senicula . 1 7.0 23.0 | 32.9
Midas ........ i 1 4.1 13.0 | 31.7
Lemur varius........ | 1 6.0 22,0 | 386.7

The above data certainly reveal interesting conditions.
The relative length of the anterior fossw is in general deetdedly
greater in fetuses and yvoung than in adults: the antero-posterior
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development of the frontal cavities. therefore, lags behind the devel-
opment of the rest of the skull in the same direction throughout
growth. This harmonizes well with the relatively small frontal fossa
in many of the largest adult crania. A remarkable diminution in the
relative length of the anterior fosswe takes place during fetal growth
itself. Thus, in the six smallest fetuses and the six largest children,«
the mean lengths of the fosswe were toward the greatest external length
of the skull, respectively as 32,9 (28.6-35.0) and 30.1 (25.0-33.1) to
100.  Individual variation is quite pronounced at all stages of life.

The differences, in man and lower mammals, between the length of
the anterior fosswe as related to the greatest external length of the
skull are much like those hetween human adults and young.  In all
the species of animals examined, the anthropoid apes ineluded, the
relative length of the frontal euvities is greater than that in hwman
adults: in a few instances it is even greater than in the human young.
It the unterior lobes of the brain correspond in dimensions to the ante-
rior fosswe, as we believe, the facts shown by the fignves relating to
the young, and especially to the other mammals than man. mean a
striking change in our notions coneerning the relative size of those
parts of the eerebrum in the beings involved. There are differences
between the varions species of anthropoid apes and monkeys, but from
the small number of specimens it is impossible to conclude how far
these ditferences ave characteristic of definite groups.

As to sexes, the females, both among the whites and negroes, show
on the whole, relatively longer anterior fosswe than the males. This
ditference is not large and agrees with the smaller size of the female
skull.  The female sex appears in this, as in so many other features,
slightly nearer the infantile conditions.

The racial differences in the frontal cavities are of a pecaliar nature.
In whites and negroes the relative proportions of the anterior fossa,
as contrasted with the length of the skull, are practically alike, but in
the Indian they are decidedly smaller. The latter condition is not due
to a large development of the Indian skulls ; in fact these are smaller
than either those of the whites or those of the negroes of the same
sex.

There are certain ditferences in the relative length of the anteriov
fossie between dolichocephalic and brachyeephalic crania, the pro-
portion being in all the groups slightly higher in average in the
latter than in the former.  No clear reason for this has been arrvived
at.  The series overlap to a considerable extent through individunal
irregularities. .

The familiar greatest antero-posterior (glabello-occipital) diameter
has proved very serviceable for contrasting the dimensions of the

@ For sizes see detailed tables at the end of the paper. Only one of the children
reached as high as about the sixth year of age. All the others were much younger.
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anterior fosswe, but certain objections, valid and partly shown hefore,
are liable to be raised against it. It is therefore advisable to con-
trast the length of the cavities in all the series also with the mean
ventral diameter of the crania.” The next table gives the relations
of the mean of the two frontal fossa with the mean ventral length of
the skulls in all the groups dealt with in the preceding list, and it will
he seen that, though the figures differ a little, the results are substan-
tially identical.

Mean length of the anterior cranial fossw in relation to the meun of the right wd left
greatest ventral diameters of the skull.

Average |
relation of
the fosse | Num-
(greatest | ber of
external skulls.
length=

100).

Average
q *lation of
Num- "5
. the fosse
& rots )
Subjects. ‘l)l;lll‘l(l)qf (mean ven-
- = tral length
! =100).
Adults: l
Whites, males— |
Dolichocephals . ..o . ... 6
Mesocephals. ... .. 9 2
Brachyeephals ... . ... ... ... ... ............... 8 29.
5
6
4

Whites, females—
Dolichocephals ... . .. . . . ... ... ...... Sood
Mesocephals ... N
Brachycephals. ... o L.
Indians, males— .
R NGRS S oo aoa0cmanomacmann dooeonmnoosonoooonssos g 10 28,
Brachycephals ._....._.
Negroes— .
Males, dolicho- and mesocephals................... ... 13 30.
Females, dolielio- and mesocephals... ..o ... ... 4 31.
Fetuses and young:
White fetuses and children, brachyeephals. ... ....._ ...
Colored fetuses and children, brachyeephals . .
I0) Biel (o= iRl @GR (oo cooaoosacooasoossaooooaco e by 20
Anthropoid apes:
Chimpanzees. .. ... ... . ciiiiiiiarinaaan..
Orangs .
GIDDODIS L oo
Monkeys and lemurs:
Macacus pelops. .. oo i
Cebus hypoleucus .
Alouata senicula . .
Midas .
Lemur varius
Other mammals: 1
UrSUS@IMETTeANUS ..o eeiaeaiaaaaa 1
Deer 1

S U
S
3
©w
—
=

...
=3
)
=
<o
o

(=3
(X3
72

The position of the Indian is seen in this table in a clearer light,
and the same is true of the negro, the former appearing nearer to
the white man and the latter nearer to less developed forms of crania.
The exceptional position of the gibbons among the anthropoid apes,
and of the macaque, alonata, and lemur in the following group. remains
accentuated.

The correlation of the anterior with the other foss@ of the skull
will be treated of later on.

« Varying dimensions of the glabella and occipital ridges ; the point chosen in
apes instead of glabella ; the varying thickness of bone included.
b Average of the greatest internal length of the right and left side.
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MIDDLE FOSSZAE.

The absolute average length of the middle fossae in human adults
shows as follows:
Middle fossw: Average length in adults.

Males. ‘ Females,
B = ee— e — ——-
I)ulu':illgfzeph» Mesocephals. Brac‘}:l‘\:oph- Dulu*zlllll:'!eph-‘ Mesocephals. | Bml'éltlli‘(“vph-
Race. - - A - | ———
i o o | 3 s | s
g | & 2 & H 3 2| = & A & =
mut. mn. maune. mm. mm. mn. nmn. N, mmn. s hint. ‘ ks
. (14) (11) (11) (5) (6) (6) !
Whites........| 51.9 ‘ 548 53.3 ' 55.1 | 55.4 56.5  51.3 50.7 | 52,7 52.1 § 51.4 51. 4
S 0.1) (4—0.2) (@+1.1) (1—0.6) (¢ 0.6) (@+-0)
(10) (10) k
Indians ....... 1'53.3 1) U I P 8| HLB5ag00 4 5o acoodlsaseefoccooass|deocsd|lbsccocos
(a—1.5) (a—1.7) | ‘
(14) ‘ 5 !
Negroes....... 3.

alDifferences from the right fossa.

The cavities, it is seen, are slightly longer than the anterior ones (in
the proportion of 108 to 100—a detailed comparison in a future para-
graph). Thereisagaina predominance in the length of the right fossa,
but it is not as great or equally frequent as in the case of the anterior
fossw,

Length of wmiddle fossa on the two sides in hwmaw adults.

|Right middle Middle fossee

Left middle

Skulls fossa longer of equal fossa longer
- i (per cent of | length (per | (percent of
cases).  centof cases). cases).

16 adults, whites, males, dolichocepbals ............ ... .. 31 37 " 31
14 adults, whites, males, mesocephals.........oo.. .. . .. 43 £ 36
15 adults, whites, males, brachycephals......_._...... . ... 40 | 33 ‘ Vg
8 adults, whites, females, dolichocephals............. . ... 50 12 37
7 adults, whites, females, mesocephals. ... ... ... . ... l 43 29 29
6 adulis, whites, females, brachyecephals................ ... 33! 50 17
10 adults, Indians, males, dolichocephals................... 70 20 | 10
10 adults, Indians, males, brachycephals......o.......... .. 50 40 10
15 adults, Negroes, males, dolichocephals. ... ... . ... 17 27 | 27
9 adults, Negroes, females, dolichocephals .............. ... 33 ‘ 22 1

Total (110 SkUlls) . .. ooo i et eceaaanaeaaenny 44 } 29 27

With the anterior fosse the conditions were: Right longer, 63.5; equal, 20.5; and left longer, 16 per
cent.

In the skulls of the fetuses and young, and in those of anthropoid
apes and other mammals, the results differ from those in human adults.
There were among:

Length of middle fossa on the two sides in human fetuses, etc.

| The right Middle The left

Skulls. ( mfl(;ls(j;e ‘ fosse n}fgi‘k

longer. equal. longer.

i Prer cent. Per cent. Per cent.
40 human fetuses and YOUNg . ..o oovvieii i i 35 50 15
13 anthropoid apes .......... 69 23 8
7 other mammals....... ... ) 43 29
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These figures show again, as did similar data with the anterior fosswe
(. v.). that in the fetuses and young the proportion of cuses where
either the right or the left cavity is longer is much smaller than in the
adults, and points to the fact that irregularities are to alarge extent of
later development. In the anthropoid apes I find a higher ditferen-
tiation in the middle fossa than in the human young, similarly as with
the anterior cavities.

The aectual difterences between the middle fosse ranged thus:

AAbsolute differences in length of the middle fossa; right fossa the lonyer in cuases:

rubiects = c >R | o = Above

Subjects. ‘0.5 mm. 1 mm. 1.5mm. 2 mm. .z.nmm.I 3 mm, \S.n mm.‘ 4 mmi, 4mm,

Human adults ... ... ‘ 5 17 6 11 3 3 | 1 1 al

Human fetuses and young. . 1 9 % 2 0 0| 0 0 0

Anthropoid apes........... 3 1 0 il 1 0 0 0 0
Monkeys and other mam-

mals. ...l 1 1 0 0 0 0 ‘ 0 0 | 0

@ 6.5 mm.

Absolute differences in length of the middle fossa; left fossa the longer tn cases:

| | e

Subjeets. 0.5mm. 1 mm. |1.5mm. 2 mm. 2.5mm. 3 mm. 3.5mm, 4 mm, ‘ ‘lx‘;‘l)l‘n(l

- [ N — | :

Human adults ............. 3 11 | 21 5| 1 3 2 2 | al

[Tuman fetuses and young.. 2 1 0 0| 0 0 0 0| 0

Aunthropoid apes 0 1 0 0 0 0 0 0 0
Monkeys and ot |

10 Y EBRRL 00000000808 088800 1 1 [t} 0 0 0 0 0 | 0

ab.h mm,

The conditions disclosed by the above figures are such that almost
the exact words which were used in describing the differences in the
anterior fosswe are applicable. In this case, as there, the range of dif-
ferences is somewhat greater with the right fossa; the inequalities
are smaller in the young: they show a range of fair extent in the
anthropoid apes, though the skulls are less than half the size of full-
grown human crania, and they are very small in the monkeys and
other mammals.

The form of the skull may have some slight conneetion in this case
with the differences in the length of the cavities. In three of the series
(white females, Indians, negroes) the right fossa is longer than the
left in a larger percentage of the dolichocephals than of the brachy-
cephals (in dolichocephals in 50, 70, 47 per cent; in brachycephals,
respectively, in 33, 50, and 33 per cent of cases).  Race may also be a
factor, for a larger proportion of cases with longer right middle fossa
is found among the Indians than in any of the other series. As to sex,
no influence on the ditference between the lengths of the two middle
cavities is apparent.

A comparison of the inequalities in length in the middle with those
of the anterior fossa veveals the fuct that these disproportions can be
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only in a Inmtvd number of eases cumpeusutm\ 1 n(ttmo in a large
percentage of the erania there is no trace of a correlation.  The fol-
lowing conditions exist in this regard among the haman adults:

Yer eent
of cases.
Anterior fossee of equal length, middle fossie of eqnal length. .o . ... ... 4.3
Anterior fossee of equal length, right middle fossa Tonger than left oo ... 10.9
Antertor fossee of equal length, right middle fossa shorter than left ... .. ... 5.4
Right anterior fossa longer than leit—
middle fossie equal - oo oo L. 20.7
right middle fossa longer than left. ... . ... .. .. ... ... . . .. 29.3
right middle fossa shorter than left. ... . o . ... .. 13.0
Right anterior fossa shorter than left—
mnkildlke foHE G oo comommocooc CoB856 0050050065050 A08BEEEEEEEE 000G 4.3
right middle fossa longer than left ... . . . ... ... . ___. 8
right middle fossa shorter than left - oo o o . oo o o o o il 3.3

The only two serics of eases where a compensation between the
length of the anterior and middle fossa of the same side may exisit
(thatis, **the right anterior tossa longer than the left—the right middle
fossa shorter than the left,” and the opposite) embrace only 13 and
8.7, in total 21.7 per cent, or about one-tifth of all the skulls exam-
ined. On the other hand, a greater length of both the anterior and
middle fossa on the same side was present in 29.3 per cent (right side)
and 3.3 per cent (left side), in all 32.6 per cent, or almost one-third, of
the crania.  These facts show that the dimensions of one pair of the
fosswe in question are to a large extent independent of those of the
other pair, whieh make it plain that they are not due to conditions
inherent in the hones themselves, hut to those pertaining to the brain.

The relations which the mean length of the two middle fossw bear
to the size of the skull are indicated in the ficures below.  As with the
anterior cavities, the size of the skull was judged from the mean of its
greatest length and breadth; the fossic were eontrasted with the great-
est external as well as the mean ventral length. The specimens
seleeted for this comparison were the same as with the tfrontal fossw
on a similar oceasion.

LArerage velations of the mean length of the two iniddle fossa to the greatest dorsal and mean
ventral length of the skull (each of these dicineters being cacl taken as 100), in the largest
and smallest skulls of the series.

| In the largest | In the smallest
crania— | crania—
TS Number of speci- Number of speci-
b, Mens. vs. ex-| ve. in- mens. | rs. ex- | vs.in-
ternal | ternal ‘ { ternal | ternal
length.| length.| length. length.

Adults: i !
White males | t". (2 of eaeh series) .
White fema .| 6 (2 0f each series) .
Indian males | 6 (8 of each series) .
Negroes, both sex e8| 5 (3males, Jf(‘llldk’s]

6 (2 of (‘.wh Se nu\)
b (2 of each seri

6 (3 of each :onm)
5 (3 males, 2 females).
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The conditions are irregular. The length of the middle fossa in
the smallest skulls exceeds that in the largest specimens among the
white males and in the negroes; in the white females the facts are the
reverse; while in the Indians the differences are immaterial.  Much
larger numbers of cases would probably clear up the matter; as it is, it
isnecessary to reserve conclusions.

The differences in the absolute and relative length proportions of
the middle fossie between adults and young, in man and animals, in the
sexes, in races, and yvarious forms of the skull, are contrasted in the
table that follows:

Length proportions of widdle fossae in relation (o greatest external length of the skull.

[ | Average | Average
| Average Average |relation of |relation of
Num-| “dorsal mean | the length |the length!
Subjects. ber of | maximum lte}"’g?‘]‘,gf fgfuszehteu fggqth ber of
skulls. | le:]kg‘tlﬁ of middle | the dorsal the v vmml skulls.
i : fossa. length of | length of
‘ theskull. | the skull.
{
Adnlis: I
White males— cm. mm. |
Doliehoeephals .. ............. . N 19. 4 5.9 28,3 | 31.9 10
Mesoeephals . .o..o..o......... | 11 | 18.7 be 29.4 | 32.2 14
Brachycephals....._...._...... | 11 | 18.2 30.7 33.9 10
White females—
Doliehoeephals ... ... 5 17.8 51.0 28.6 3.4, 10
Mesoeephals.............. . .. 6 17.8 52.4 29.5 33.0 9
Braehyeephals................. 6 17.3 51.4 29.8 32.0 5
Indian males— ‘ |
Doliehocephals _........... ... 10 18.3 52.5 23.7 31.5 10
IBraGLlVCe D LAl SIS | 10 16.9 62.7 31.2 343 10
Negroes— |
Males,dolicho- and mesocephals 14 18.6 | 53.5 28.8 31.9 13
Females, dolieho- and mesoee- | f
phals. . .oooiiiiiiiiiiiiaaae. | 5 17.7 | 19.7 R4, Th &l T 8
|
Fetuses and young...........o.oo...... 40 9.1 | 26. 2 28.8 30.2 . 39
White, braehyeephals_...... 10 7.9 1 24.4 30.7 | S280 9
C ()]()red brachy: e\‘]rhn]\ o000 10 4,9 26.6 28.9 30. 11 10
Colored, dolicho- and mccowphala 20 9.7 | 26.9 27.8 29.3 20
Anthmpmd apes: | |
CINTOETIEES, coonooconasosacoacssce 2 1.9 38.5 32,3 || 348 2
Orangs . 6 11.9 | 37.1 31.1 35.3 | 6
Gibbons. 1 7.5 242 32,0 | 32 4
Monkeys and 29 |
Macacus pelops «............ 1 8.2 28.5 34.7 37.0 1
Cebus hypoleweus .....oo..... 1 7.5 21.0 32.0 || 35.8 1
Alouatu senicula. .ooeonooooon. 1 7.0 25.7 36. 8 43.8 | 1
Midas......... . 1 4.1 15.2 a2 38.8 1 1
Lemurvarius .....o.ooooveiiiiiiann. 1 6.0 | V0.6 37.5 42.4 1
| ]

Contrary to what was witnessed with the frontal fosse, the middle
cavities in the human young (particularly in the dolicho- and mesoce-
phalic colored fetuses) show somewhat smaller relative proportions
than in the adults. The increase in their lolatlve value within the
series, from the smallest to the largest fetuses, is very irregular.

In anthropoid apes the middle fosswe are relatively slightly longer.
in the monkeys and lemurs decidedly longer, than in any of the human
series.  They differ most widely in this from the human young.

In sexes the relative proportions of the middle cavities differ quite
immaterially.  Neither are there any great racial differences, though
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it should be noted that the Indian male brachyecephals show the max-
imum and the negro dolichocephals the minimum proportions.

There are, however, even more so than with the frontal cavities
(q. v.), differences of the relative length of the middle fosswe in the
different forms of the skull. this length being thronghout smaller in
the dolichocephals than in the brachycephals, while with the mesoce-
phals it ix mostly intermediary. Even in the young the proportions
are higher in the short than in the long crania. The differences
regarding the frontal fosswe were, it will be vemembered, of w like
nature, though seemingly of ditferent morphological signiticance.

The correlation of the middle with the other fosswe will be dealt with
in a future section.

POSTERIOR FOSS Z: CEREBRAL PORTION.

The absolute lengths of these fosswe are as indicated in the figures that
follow. Inthe three upperlines of the table are represented only those
skulls in which also all the other tosswe could be measured. that is,
skulls which correspond to those given in tables of absolute measure-
ments of the middle and frontal cavities; while in the fourth line arve the
lengths of all the pairs of the postero-superior fossw in the skulls
examined. The two lines ot tignres show no great difference.

Posterior fossw, cerebral part: Average length in adulls.

Males. Females,
Dol ‘2‘1‘:‘““1’“’ Mesocephals. B"“’!}l-‘;‘"’p“' “"“‘f}j:""""" Mesocephals, “Tilt'}lli\:‘olrll—
Raee. A L N o N o
Sl A SIS A=
= B Al B I TR BOE ® %
(= = = = & = = = & = = =
| 5
mm. mm. } . mn. mm. mn., . mn. nim. manm. min ., mwom.
(14) 1 (11) (5) (6) (6)
Whites ..., 81.0 83.2 | 79.0 \ N1.8 | 75.9 78.7 710 TSR TONE! 78.11]75.0 75.6
a(42.2) a(+2.2) a(+3.8) a(+2.3) {40.6)
) (10 \ | (10) ‘ ‘
Indians ... 79.2 E7. 1 N PR DR 73.5 T i coecoane dmmand|cacsacodoaccs oeeE0aEE
a(+3.2) a(40.6
dJ (14) ‘ (5)
Negroes.......' 77.3 L P O P, T4 W coooc]oaacacdb Inabac coceeocs
[ @(+2.9)| a(+2.2)
(20) (19) | (19) (10) 9 | (9)
Whites, all \
skulls in {
whieh the I
two fosse
eould be | |
measured ...| 80.5 81.7 | 78.3 80.4 ' 76.3 78.8  73.8 76.8 | 76.0 | N7 73.6 5.7
a(+l.2)) a(+2.1) a(+1.5) a(+3.0) a(+2.7) a(+2.1)

a Differenee from the right fossa.

The most striking feature of the above data is the evidence that in
all the groups and series the left fossa ix the longer, which is the
reverse of what was observed with the middle and especially with the

Proc. N, M. vol. xxxii—07——13
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anterior cavities; and the differences are in most cases very decided.
Individually, the cases where the left fossa is not the longer are in
nearly all the series comparatively infrequent, namely:

Leugth of postero-superior fossa on the two sides in human adults.

Right pos- Left pos-
tero-superior | Foss® equal tero-superior

Skulls. fossa longer | (percent of fossa longer
(per cent of cases). (per cent of
cases)., cases).
Adults:
Whites, males—
Dolichoecphals... ... 5 0] 15 65
Mesocephals. ... 21 11 68
Brachycephals .. 0 11 | 89
Whites, females—
Dolichocephals 20 0 80
Mesocephals. 11 11 78
Brachycephal 0000 .. 25 12 | 63
Indians, males— |
Dolichocephals 20 0 80
Brachycephals 50 0 50
Negroes—
Males, dolichocephals. . .. . . .. ... ... .. ... 20 0 S0
Females, dolicho-and mesocephals. ... .o . o .. 10 0 60

The lett fossa is shown to be the longer in from 50 to 90 per cent
of the cases in the various series, or in over 72 per cent, or nearly
three-fourths of the crania. if we take all the 130 skulls together. The
middle fossw, it was seen, showed in 44 per cent, and the anterior
cavitics in 63.5 per cent, an excess in the length on the right side.

Among the human young and the anthropoid apes, and in other
mammals, the conditions were as follows:

Length of postero-superior fossa on the tiro sides tn human fetuses, etc.

Right Left

hostero- X yostero-
Skulls, guperiur Fo“ﬁ\"l\ 3uperior
fossa CAM fossa
longer. longer.
|

Per cent. Per cent. Per cont,
40 human fetuses and YOUNE ... ... ... 17 45 37
13 anthropoid apes ............ 5 15 23 62
7 monkeys and other mammals . ... oo oo 43 14 13

In the human voung there is a much larger percentage than in adults
ot postero-superior fossa of equal length, showing again. as with the
middle and anterior cavities, that the inequalities are often of later
development. In the present case this scems to be true particularly of
the excess of length on the left side. In the anthropoid apes the con-
ditions are not mmuch different from those in human adults, which
indicates that the predominance of excess of length in the left postero-
supertor fossa, and of that portion of the cerebrum which enters into
it, is an ancient feature which has not been acquired and has scarcely
been modified in man. Among monkeys and lower mammals there
scems to he less regularity in the unevenness of the postero-superior
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cavities, but the number of cases is not suflicient for any definite
conclusion.

The absolute difference in the length of the two postero-superior
fossm is often very pronounced, much more so than in the case of the
frontal and middle cavities. 1t ranged as follows:

Absolute differences in length of the postero-superior fossw; right fossa the longer Tu cases:
0.5/1.0 1.5 2.0 25|30 35140|45 505560 65|70 Over7
ML M. DML Mo, Mo, mo. | mim. mim. | inni. mnl. mnl. mm. mnoi. mm.| min.

Subjects.

Human adult
Human fetuses and

yYoung . ..o......... 1 5 0 1
Anthropoid apes..... 0 1 0 1
Monkeys and other
mammals ......... 1 B |oeoso cocodlboasalloods. dBBod boe o looc SRR | || S| PP P IR P

Adsolute differences tn length of the postero-superior fossw; right fossa the longer i cases:

3.0 |35 4045 50 55160 |65 7.0 Over?

05|10 | 15|20 25

Qubiects
Subjects. mm | mm. mm. mm. mm. Q. nm. mm. mm. mm. nm. mmn.mm o nm. mn.
|
Human adults....... o M| 7 7| B 5 6| 12 3 1 10 5 3 2 b2
Human fetuses and | | | ‘

YOUung ..... ....... 2 51 1 5 1 . e - - - oanos|ooolt S5 les SN
Anthropoid apes. . ... 0 1] 2 1 1 2 )1 |looscolosacd bacac losoodlbooosllcaadt 3o Boocox
Monkeys and other | | |

mammals.......... 0f 1| 0 P2 |loaco0| boct: SBBGo Booos|bocod Boadt S PP BN PP P

I I e tol i b
as mm. b1 of 8.5 mm.; 1 of 11 mm.

In 25 subjects, it is seen, the inequality in the length of the two
fosswe exceeded half a centimeter. and in one it reached 11 millimeters.
Those tigures of the preceding table that concern human adults can
be more conveniently expressed in percentages, thus:
Posterior superior fosse longer by—
0.5 to 2.0 mm., right in 65.5 per cent, left in 30.4 per cent of cases,
2.5 to 4.0 mm., right in 17.2 per cent, left in 38.0 per cent of cases.
4.5 to 6.0 mm., right in 10.3 per cent, left in 24.0 per cent of cases.
Above 6.0 mm., right in 6.9 per cent, left in 7.6 per cent of cases.

The above brings out clearly a predominance of the minor differ-
ences in that category of ecases where the right fossa ix longer, and of
the greater inequalities in the larger class of cases where the left
fossa exceeds in length.  Similar conditions were noticed with the
middle and the anterior cavities; on the side (in both these instances
the right) where there was a prevalence of longer fosswe, there were
also noticed greater actual differences in length from the opposite
cavity, and the reverse. '

The influences on the length of the two postero-superior fossa of
skull-form, sex, and race are not clearly detined; the question might
possibly be settled by much larger series of skulls.

A comparison of the length of the postero-superior fosswe with the
combined length of the middle and anterior cavities shows that fre-

quently the greater length of one of the former stands in what is in
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all probability compensatory relation with the latter. The following
conditions existed in this regard among the human adults.

Per cent
of cases.

Aunterior («) +middle (m) fosswe of equal length, postero-superior (ps) fosse of

equal length - el il 0
atm of equal length, right ps longer than left - . . ... ... ... 1.1
a-+m of equal length, right ps shorter than left. ... _ . _ . _ . .. ... ... 7.6
Right « - m longer thanleft, psequal ... ... ... ... . . .. ... ... ... 2.2
Right « -= m longer than left, right ps longer than left ... ... ... ... . ____. 12.0
Right « - m longer than left, right ps shorter than left. ... ... . ... .. _. 56,5
Right « + m shorter than left, psequal - .. ... . _ . .. . ... . ... 4.3
Right « | i short r than teft, right ps longer than left ... ... _ ... .. __. 6.5
Right « -1 shorter than left, right ps shorter than left ... ... . ... .. 9.8

In 63 (564 6.5) per cent of the cases the length of the postero-
superior tossa stood in an apparently compensatory relation to the joint
length ot the two other cavities of the same side. A certain propor-
tion of this number of cases, very probably the majority, represents
a true compensation, the rest being due to conditions inherent in the
posterior fosswe themselves or, more properly, in peculiarities of those
portions of the cerebrum which fill them. In 2 1.8 (right 12, left 9. 8)
per cent of the skulls the postero-superior fossa on one side was
longer, notwithstanding the fact that the suni of the length of the mid-
dle and anterior cavities on the same side was also longer than that on
the opposite side. In several of these cases all the three cavities on
the same side were individually longer than those on the other side of
the same skall.  In no case among the 92 adult human crania were all
the three fosswe of one side exactly equal to those opposite.  The ten-
dency to a greater length of the left postero-superior fossa is very
pronounced. It accompanies, in the skull. and is the main manifesta-
tion of, the prevalent greater length of the left cerebral hemisphere.

The relations horn by the mean length of the postero-superior fossw
to the size of the skull, the latter judged as before. from the niean of
its greatest length and breadth. are indicated beneath, the specimens
represented being the same as with the frontal and middle fosse on
the oceasion of similar comparison.

Average relation of the mean length of the two postero-superior fossw to the greatest dorsal and
mean ventral length of the skull (each of these dicneters being taken as 100) in the largest
and smallest skulls of the series. :

In the largest crania. In the smallest crania.

sut oot | 12 emm o e

st :\i:iu(;-‘ v8. exter- vs. inter- 8. exter- vs. inter-

o nal length. nal length. nallength. ‘ual length.

Adults: |

White males ..o oo o0 L (O 43.2 46.9 6 13.1 46.8
White females ... ..o . 6 42.9 47.2 | 6 43.0 ‘ 46.7
Indian males (... .. .. .. . .. 6 ’ 13.% 17.9 6 43.7 47.3
5 11.7 16.2 5 44.0 ‘ 47.9

Negroes, both sexes_ ...... ... __. 5
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No regular or substantial difference is apparent.  There is no com-
pensation in this regard between the postero-superior and the anterior
avities, which latter, it will be remembered, arve relatively shorter
in the largest than in the smallest crania.

The absolute and relative length proportions of the postero-superior
fossa, contrasted between adults and young, man and animals, sexes,
races, and in the main eranial forms, are presented in the following table:

Length proportions of postero-superior fossiv in relution to greatest external length of the skull.

Average Average
\verage Average Ir]elultim] (iI rleluiiun (if
T e mean ie length  the length
Subioe | l\)um- asfie Ll length of = of the fos- | of the fos- | SuI=
Subjects. | ber of | maximum b s | e o he Dberof
skulls.| length of ARROIROS eyl O IR (52 to the (11,
’ il tero-supe- dorsal ventral
b . rior fossae. | length of = length of
\ ‘ the skull.  the skull.
Adults: ‘
Whites, males— | en, mn.
Dolichocephals. .......... ... 14 19. 4 82,1 {2. 4 45.9 10
Mesocephals . 11 | 18,7 50.7 43.0 46.0 14
Brachyeeplals ..o .. .. ... | 11 18.2 77.3 42,4 46,4 10
Whites, females—
Dolichocephals.....o..o..o 0. 5 17.8 75.9 | 42,6 5.8 10
Mesoecephals_ ..o oo o oo 6 17.8 76.9 3.3 46.8 9
Brachyeephals ... . ... ..., 6 17.3 7.3 43.5 47.4 B
Indians, males— |
Dolichocephals. ... ... 10 18.3 80,8 4.2 18.5 10
Brachyecephals .......... . ... 10 16.9 73.8 43.6 N0 10
Negroes
Males, dolicho- and meso-
cephals. ... ... 14 18.6 78.7 42.4 46.7 13
Females, dolicho- and nieso- |
cephals.... ... . 5 17.7 75.5 ‘ 12,7 16.9 5
1Tuman fetusesand young............. 10 91 41,1 14.5 46,9 39
Anthropoid apes: |
Chimpanzees 2 11.9 | 49.8 41.7 45.0 | 2
Orangs .. 6 11.9 51.0 42.8 48.5 6
Gibbons ...... 7.5 30.8 40.7 42.3 4
Monkeys and lemurs: | |
Mucacus pelops..................... 1 325 32.5 | 39.6 42,2 1 1
Cebus hypoleucus 1 7.5 | 28.0 37.38 41.8 1
cAlouata senicula 1 7.0 24.5 | 35.0 41.7 1
Midus . 1 4.1 16,5 < 10.2 12.0 1
Lemur 1 6.0 T3 W57 32, 54 1

The average relative proportious of the postero-superior cavities
differ, it is scen, but little between human adults and the young: taken
as a whole, the middle fossw presented a moderate, the frontal cavities
a marked, diversity at the two periods of life. It we compare the rela-
tive proportions of the postero-superior fossw in the smallest fetuses
of the series, namely, in those where the vertex-breech length was less
than 20 em. with those where it was above that, we tind somewhat
different conditions, as shown in the following table:

Relation of the mean length
of the postero-superior tos-
Vertex-breech) s to the—
Case. [lengthin centi- D 1—
meters. i ol lanotl, | IM€an ventral |
‘ d‘“‘fr:‘ﬁlvl‘:ﬁlé‘ltlh length of the |

i . skull.

|
1 5.2 | 33.3 | 12,4
2 8.3 41.7 47.2
3 15.9 } 37.6 10.4
4 17.4 | 10. 6 14.8
5 17.6 37.6 10.9
6 19.9 .7 4501




198 PROCEEDINGS OF THE NATIONAL MUSEUM. VOL. XXXII

The relation to the dorsal length of the skull is in these cases proba-
bly the more reliable, as the ventral length can easily and impercepti-
bly be angmented a little by the relaxation of the bones consequent
upon the removal of the parietals; which constituted the method of
opening the small skulls.  However, compared to either the external
or internal cranial length, the fossee are in the majority of the cases
shown to be smaller than during later development. In fetuses in
which the vertex-breech length is above 20 cm. the relative dimen-
sions of the fosse are much more like those in adults. showing that
the attainment of thetr full velative length takes place very early.

In anthropoid apes, monkeys, and lemur, with the sole exception of
the orang, the postero-superior cavities are relatively shorter than in
human adults, agreeing in this respect with what exists in the earlier
stages of fetal life in man. The proportions are particularly low in
the lemur.

No definite difference in the relative length of the postero-superior
cavities appears in the sexes. Among races, they are longest in the
Indian, the whites and negroes being near alike.  As to the main
cranial forms, among whites the foss@ are in both sexes in the average
slightly longerin the meso- than in the dolichocephals, and still longer
in the brachycephals, while among the Indians and the young it is the
fosswe in the dolichocephals that are slightly longer. The differences
in this respect are, however, throughout too small to be of much sig-
nificance; besides, individual exceptions are numerous in all the series.

THE THREE CEREBRAL FOSSZAZ CONSIDERED TOGETHER.

The sum of the lengths of the three cerebral fossa on each side shows
this interesting distribution:

Sum of lenglhs of cerebral fosse.

a+m-+ps.
T Gaye No. of [~
Sulijadis, cases.| Right  Left
| | side. side.
|
Whites, males: i em. cm.

Dolichocephals......................... PP AR S i, 14 18.9 19.0

Mesocephals. .. . . i ¢ 11 | 18.7 18.8

Brachycephals ... i iiiiieiiiicieiaiaeaiaieaaanan 11 18.1 18.4
Whites, females: |

PEBENCRIH IR, oo o anmncosonaccosacceoonansosoonanosssccsessseseoacasas | 5 ‘ 17.4 17.6

Mesocephals. ...l RERRRARRRRRRY. - 3 6 17.9 18.0

F3 T € T s s oy oo e o 6 17.5 17.5
[ndians, males: ‘

Dolichoeephals. ... .. e 10 17.9 18.1

Brachycephials .. ..ot i 10 17.38 17.1
Negroces, males: |

Dolicho- and mesoeephals . ... .. .o it eeeas 14 18.2 18.4
Negroes, females:

Dolicho- and mesocephals ........ .ol i iiiaaaaaas 5 17.5 17.5
Human fetuses and young 40 9.55 9.5
ANthropoid apes . ...ooooioiii oo iiiii e 5 13 11.3 1.3
WE@ITTEE) ST o0y 050 000 0 0 0050 00 006 00000 GE6 60600600 86 EseEE0008a8555a 5 6.9 ‘ 6.9

[

[a, anterior; m, middle; ps, postero-superior fossa.]
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In seven of the ten series of human adults the average of the sum
of the lengths of the three eerebral fosswe on the left exceeds that of
the right side by from [ to 3 millimeters. There is therefore a clear,
though small. excess of fossal length on the left in the mass of human
adult erania.  In two series the averages are equal; while in one
series, the brachycephalic Indians, an excess (2 mm.) is shown for the
right side. In the human yvoung, anthropoid apes, and monkeys, the
difference in the averages are nil, or not exceeding half a millimeter.

Individually the sun of the lengths of the three fossa on each side
was as follows :

Combined length of cevelral fossw on the tiwo sides.

Right a +m Left a+m+ps

Subjects. pslonger | Equal in—| longer than
(than left in— right in—
Whiltes, males: Per cent. Per cent. Pey cent,
Doliehocephals. oo i 1 i G4
Mesocephals. ... . . .. B 36 0 64
Brachycephals oo oo o o 45 0 5%
Whiltes, females :
Dolichocephals. ..o o o . 0 20 | 80
Mesocephals........ ... . 33 0 66
Brachycephals oo . o . | S0 17 33
Indians, males:
Dolichocephals - 30 0 70
Brachyccphals 60 20 20
Negroes, males :
Dolicho- to mesocephals ... . oo oo, i 4 61
Negroes, femnales: }
Dolicho- to mesoeephals. ..o oo oo Lo 40 | 0 60
Human fetuses and Youmg. ... . i.iiiiiiiiiiiioio.. 50 ’ 25 2H
| |
46 | 25 31
33

50 ‘ 17 \

[a, anterior; m, middle; ps, postero-superior fossa.]

These figures reveal several faets of some importance.  Among the
human adults the braehycephals show all through a remarkably
greater proportion of larger fossal length on the right and smaller on
the left side than the mesoeephals, and especially the dolichocephals.
And similarly large percentage of longer right fossal length exists in
the human young, the anthropoid apes, and the monkeys and lemur.
Sex shows no particular difference, and the influenee of race is small,
if any. The brachycephals stand in this feature decidedly nearer the
human young and the other primates than man, than the dolichoceph-
als. It is, of eourse, possible that the prevalence of a greater fossal
length on the right side is due to different causes in these several
groups, but more likely there is some relation in these phenomena.
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The actual ditferenees in the combined fossal length ranged thus:

_uterior, widdle, and postero-superior fossae longer tan the same of the opposite side.

| | i
R 0.5, 0.1 | 15|20 2530|8540 |45 50|55 |60 |APove
i) . Imm. mm. mim. mm. mm. mm, mm. mnm. mm.‘lmm. mm, mm.| o
‘ ! \
1luman adults:| | | ! i
Right longer...... cases..| N 5 1 0 2 | 1 a4 2 2 14| ] a2
Lelt longer . do.... 6 6 4 8 2 6 1 { 5 i 1, 5 2 0 03
ITuman young: | 1 !
Right longer ...... dn.___l i 7 R 2 0 0 o 0| 0 0 0 0
Left longer ........ do.... 3 3 1 1 1 0 0 ‘ 0 0, 0 0 0
Anthropoid apes: | | ‘
Right longer ...... do....0 1 4 )| IHISERCRERE W F S e e e e booselcocd bocod|bocoocas
Left longer ........ do.... 1 1 1 I R SErd A B I R Bt crovts o o (e oo [oose saos
Monkeys and lemur: '
Right longer ...... do.... 23 R P R B o N BT B e Bt Ao M Edlocooccco
Left longer ........ do....{ 0 1 1
al —65mm.; 1 7 mm. b1 65 mm.; 1 —=Smo.; 1 =12 mm.

The greatest of the differences among the human adults are on the
left side:; also the proportion of cases with large differences is greater
where the left combined fossal length is greater.  In the human young
the differences are smaller, showing that the peculiarity is to quite «
large degree of later development. which agrees with what was
observed with all the individual cavities. In anthropoid apes and
monkeys the ditterences are relatively small, exceeding in no case 2
millimeters.

It remains to show how the combined fossal length agrees with the
ereatest ventral length of the skull of the same side.  The succeeding
table ¢ives the averages of the right and left ventral antero-posterior
diameters in human adults. It will be seen that here also, as with the
« =04 ps length the left diameter preponderates in the mass of the
specimens, and it will also be noticed that in the white hrachycephals
there is scarcely any ditference, while in the white dolichocephals,
both male and female. the inequality is pronounced.

Ventral antero-posterior maaimn dicmeter of the skull.

Males. Females.
[)ulugxl:ueph Mesocephals. Bmcllllls:eph- l)()ll(‘:lll:uph- Mesocephals. Bmcgixsuph—
Subjects. | . SRR S N
|
L Rl TR E L
£ £, E ¢ 5|5 E| 3|85 £ | =| %
] 3 & 3 & 3 & 3 & 2 & 5
cut. cm. ‘ cm. om. cm. ch, om cm., om cm om (8118
) 8 | (¥ (12) | (12) 9) | (9) 7) (7 (6) 6) ‘ (4 (1)
Whites ... ... 17.5 17.7 |17.23 17.27 16.7 | 16.7 | 16.3 16.6 | 16.4 16.5 | 15.9 15,95
a(+0.2) a(+0,01) a(+—0) 14 +0.3) w(+0.1) ja(-+0.5)
10)  (10) 10) ' q9) ‘ \
Indians .. ... 16. 6 167 oo O 15.3 pEIIRY | AN U B 2 ', & - cooo|lecto b lodBooooo
a(+0.1) (+0.1)
(13 (13) (7) | (7)
Negroes ..... 16,7 16,8 5 NS LN S | JIIGHE RLBY | B o 8856800050k o of |Boocaoao
a(+0.1)| a(—0.1) |

« Difference from the length on the right side.
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After individual comparison, in the human adult, it is found that the
refations of the combined fossal, and the ventral length, are as follows:
Both measurements are alike on the two sides” in 14.7 per ce ent of
cases. Both measurements are longer on the same side in 62.7 per
cent of cases. One of the measurements is equal on the two sides,
the other wnequal, in 22.7 pei‘ cent of cases.

The instances where the measurements agree, either in that each
is equal on the two sides of the skull, or in both being longer on the
same side of the skull, constitute nearly four-tifths of the cases, so
that agreement between the ¢4+ ps length and the greatest ventral
length on each side may be said to be almost general.  Of the excep-
tions only a few are marked. 'The highest discrepancy was a 7 nun,
difterence in tavor of the right combined tossal length in « case where
the ventral lengths were equal.

The interrelation of the three cerebral cavities, shown hitherto Only
indirectly and incompletely, can be further brought out by comparing
the lengths of the individual cavities with the sum of the lengths of

length of « fossa x 100
length of @+ —+ pstfoss’
be termed indexes, and are convenient for collation, are given, with
three columns of supplemental gompax 1\011\, in the table below.

the three, thus: The results, which can

aDifferences up to one millimeter between thc whole right 411(1 left side being
disregarded, as a possible error can not in such cases be excluded.
bThat i, of anterior and middle and postero-superior fossw.
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Lndexes showing the interrelation of the cranial (cerebral) fossea.

! Indexc of E ‘ é;‘) :’i?:
R .. Index b of  thecere- 3 . o« =
I?SILIE: f(:’f\_\f:l" | middle | bral partof ‘EE ZE TE
e ’ e fossa. the poste- | =3 | .2 f 2E S
Subjeets. ber of DIFLESER, [l Zo |E:%
skulls T *' == x ZEE ;E;“Sg
] < ] = ETE &S
= = S g | = Te | 20g | 83
El215 |5 |5 3 £ | 288 [ 225
| /M = & = A = = ks
Adults:
Whites, males—
Dolichocephals. ... 14 258,11 27.4129.0 28,8 | 42,9} 43.8 104 150 152
Mesocephals . 11 27.9 0 27.1129.5129.3 | 42.6 | 43.6 107 146 151
- Bra(&fhy(-ellnhﬂh g 11 27.7  26.8 | 30.5: 30.6 | 41.9 | 42.6 1719 138 ] 116
‘hites, females— |
Dolichoccephals ... 5 25,0, 27.129.5 ‘ 28.6 | 42.5 | 44.1 105 149 153
Mesoeephals . atl 6. 28.2 | 27.5 | 20.4 | 29.0| 42.4 | 43.5 1056 147 151
X ]Bm(‘h_\'('?plmls ........ 6 27,9 27.5129.3,29.3 | 12.8 | 13.2 “ 106 147 151
ndians, males— |
Dolichocephals. ... .... C10 2.1 257207 287 D441 5.7 {13 154 | 163
. Brachycephals . ... ... 10 26.44 26.37 31.1 ' 30.3 | 42.5 | 43.6 116 [ 1101 152
Negroes— |
Males, dolicho- and
mesocephals ... ... 14 28.2 | 27.2 | 29.3 | 29.1 | 42.5 | 43.7 105 147 151
Females, dolicho-and | ‘
mesoc (,ph.\l\ R 5. 29.1 25.0 | 28,4 (283|424 43.7 99 152 | 151
Fetusesand young ............ 10 20.7 | 29.4 | 27.7 | 27.5 | 42.5 43.1 93 155 | 150
Anthropoid apes: ‘
Chimpanzees ............. | 2 TRl 1 80.6 | 30.4 | 88.3 | 89.4 99 | e 126
Gorilla ... 1 V.5 31.2 | 29.6 ' 41.1 | 43.3 111 138 146
Orangs . 6| 29.4 30.1(29.7 | 40.5 ' 41.4 103 137 139
(li{ll)bons ...... . i 33.2 29.7 | 29.1 | 37.1 | 37.7 &9 ! 127 119
Monkeys, cte.:
Cynocephalus .............. 1 28.6 | 7 32.4 ? 1389.0| ? 113 120 128
Macacus pelops. ... 1| 32.8| 382.4 31. 7 131.3 [ 35.6 | 36.3 97 114 112
Cebus hypolevweus . ... 1] 311 | 30.7 31.8 | 32.0 | 37.1 | 37.3 103 116 118
Myeetes ... ..o, 1 31.3 ? 35.4 ? 33.3 ? 113 94 100
Alonada senieula. ... .. 1 31.7 | 31.1  35.9 | 34.5 | 32.4 | 34.5 112 95 100
Midas B 1 25.9 | 29.2133.3 |34.8 137.8]36.0 117 108 117
Lemur var, 1 3h.5 | 35.8(36.3 | 36.6 | 28.2 | 27.6 102 76 77
Ursus amer 1 ? ‘ ? ? ? > 2 5
Deer ............. 1 ? 0 .? ? ? ? ?
PAg .o il |43 ’ ? 1 ? ? ? ?

[a=length of anterior fossa: m =length of middle fossa; ps=length of postero-superior fossa.]
@ ax 100 b o < 100 ¢ psx 100

+m ers a+m+ps a-+m+ps

dMean length of anterior fosse=100. eMean length of middle fosse=100. f Mean length of a
anterior and m, middle fosse (’HQZ'")=10(J.

The middle fosswe are, it is seen, longer than the anterior ones in a
large majority of the series; they are shorter than the anterior cavi-
ties in the negro females, the fetuses and voung, the chimpanzees,
e¢ibbons, and the macaque. The longest middle fossa in relation to
the anterior ones exist in the Indians, gorilla, and several of the mon-
keys, while the shortest are found in the pig, the gibbons, and the
human fetuses and young. '

The length of the postero-snperior cavities approximates one and a
half times that of the anterior foss@ in all the series of human skulls;
it 1s somewhat less in the anthropoid apes, much less in most of the
monkeys, and least (only three-fourths of the length of the anterior
cavities) in the lemur.

More simplified data are obtained by a comparison of the length of
the postero-superior fossae to the mean of the lengths of the anterior
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and middle cavities. Tt is seen that the former exceed the latter in
the proportion of 143-163 to 100 in the human crania, as 119-146 to
100 among the anthropoid apes, as 100-128 to 100 among the monkeyx,
and only as 77 to 100 in the lemur. The highest proportion among
the human series (163 to 100) is found in the Indian male dolic ho-
cephals, the smallest (146 to 100) among the white male hrachycephals
and (150 to 100) in the young. Among anthropoid apes the highest
pruportlon (146 to 100) exists in the fr01'1lh, the smallest (119 to 100)
in the gibbons: while among the monkeys similar extremes arve repre-
sented by the baboon (128 to 100) and by the miyecetes and alonata (100
to 100). It is striking how much zoological sequence there is in the
distribution of these particular results of comparison. The position
of the Indians, however, seems anomalons.

The indexes show many characteristics of the fossa which have
already been brought out in the comparisons of the length of the
cavities with the lengths of the skull. To avoid repetitions and
possible confusion, these features are relegated to the general sum-
mary.

THE POSTERO-INFERIOR OR CEREBELLAR FOSSZ.

The absolute average length of the cerebellar fosswe in the various
series of human adults is as follows:

Posterior fossa, cerebellar portion: Average length in adults.

Males. Feumlu
l)(n]i(:{ig('\'pll- Mesocephals. Brac hl\ ceph- | D()ll(,ill(:(‘l ph- | Mesocephals, Bru(‘!lll_\:'epll-
Subjects. o o ° - als.
SRR TR e
O Lo CSl g = o o2 oL R =T e
& 3 & g & & ':2 =) & = & g
] —
nem. wm. min. nm., min., nmam. ' mm. | mm. mm. mm. mm. | mm.
| (20) | (20) (19) | (19) (19) (19 (10) | (10) (9) | (9) (9) (9)
Whites........ | 63.4 62.5 | 62.6 62.7 | 62.8 62.9 ‘ 8.5 | H%.4 | 61.6 615200597 59.8
@(—0.9) a(+0.1) a(—0.1) «a(—0.1) a(—0.4) a(40.1
(10) (10) (10) wé ‘
Indians ....... 64.0 | 63.3 [...o..lioaa.... G5 | BELIL |acconollor -anmad|nosens|-ooaaaaa]sosmcs|ssasccco
@(—0.7) lu(—O.")
o (1) [ (15) | 0y | (10)
Negroes....... o 63.9 | cooilfieeiai it llooocodae 60. 0 59.4 |...
\n(a»l 0) | | 11(77046)l ‘ [ l
| | | |

a Differences from the right fosswe.

The right cavity, it is seen, exceeds the left in length ina pronounced
manner in the white and Indian male dolichocephals, and a little less
so in two of the female series, but is decidedly smaller in the male
negro. In the brachycephals the differences are throughout imma-
terial. It is plain that correlation between the cerebellar and pos-
terior cerebral cavities, if it exists at all, is very limited. During the
measuring in whites it was very often noticed that the groove and
ridges of the lateral sinns on the left side were lower than those on
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the rvight, but this was not always associated with a smaller length of
the left postero-inferior tossa.
In detail the differences in the cerebellar cavities were distributed

thus: E
Length of postero-inferior fossa on the tiwo sides.

Right ccre- Left cerebel-
bellar fossa | Fosse equal | lar fossa
Skulls, - longer (per (per cent longer (per
cent of of cases). cent of
cases), cases).
Adults:
Whites, males—
Dolichocephals. . .o . . i 50° 0] 30
Mesocephals. ..o . .. ... - 53 11 37
1 X WO 660000a0000000006c00000060200600650000 26 32 42
Whites, females—
Dolichocephals 30 10 50
Mesocephals....... .. 33 33 33
Brachycephals _. ..o o o L 50 12 3%
Indian, males— \ |
Dolichoeephals. oo i | 60 ! 20 20
Brachycephals . .oo.o oo i G0 | 0 19
Negroes— | |
Malces, dolicho- and mesocephals ..o ... ... 33 7 60
Females, dolicho- and mesocephals. .. 50 | 20 30
Human fetuses and young .............. .. 25 38 | 35
Anthropoid apes ............ oo 15 38 47
Monkeysand lemur...... ..o o 20 40 40

The results, so far as the human adults are concerned, agree in gen-
eral with those shown by the first table of this part of the paper.
There is a larger proportion of longer fossa on the right than on the
left side in the white and Indian male dolichoeephals, and smaller in
the male negroes.  Greater numbers of crania, particularly brachy-
cephalie, would have been very desirable in this econnection. In the
human young, anthropoid apes, and monkeys are seen relatively
small pereentages of longer right fossa, with larger percentages of
longer left fossa and of equal cavities. Comparing the conditions
found in the human young with those in adults, it is seen that in a
large proportion of cases the exeess in length in the right cerebellar
fossa takes place after fetal life has been eompleted.

The absolute differences in length of the two cerebellar cavities
were in some of the skulls quite marked, but on the whole were less
than those of the postero-superior fosswe. They ranged as follows:

Absolute differences in length of the cerebellar fossw; right fossa the longer in cases:

| | =

Subjects. \

| 0.5 mm

Human adults. ............ 000000
Human fetuses and young ......
Anthropoid apes ................
Monkeysand other mammals...

(=N
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Absolute differences in length of the cerebellar fossw; left fossa the longer in cases:

- _; .
3 =) = ]| =l = = __:;—7
w = “w =) = 9 S 9 =M=
=3 - — ol o o - - s )
Human adults 9 13 6 7 1 5
2 5 3 2 1 0
Anthropoid apes ........... . 1 1 1 2 0 0
Monkeys and other mammals. .. 1 0| 11 caBa g ) (R~ U (S

al=55mm.; 1=11 mm.

In human adults the scales of inequalities ave very nearly alike; in
the fetuses, and to a lesser extent in the apes, the differeneces on the
left side are more pronounced than those on the right.

The relation between the mean length of the cerebellar fosse and
the size of the skull (estimated on the base of the mean of the greatest
cranial length and hreadth) is indicated in the next table, the skulls
represented being the same as with the cerebral fosswe in similar

(‘Oll)Pﬂ]'iSOllS:
AAverage relation of the mean length of the two postero-inferior (cerebellar) fosswto the greatest

dorsal and inean ventral length of the skull (each of these dicuneters being tuken as 100) in
the largest and smallest skulls of the series. ’

| Num- In the largest crania— | Ny - In the smallest crania—

T e ber of - - ber of
Subjects. speci- vs,external vs. internal = speei- |rs. external »s. internal

mens. | length. ‘ length. mens. length. length.
Adults: |

White males .oo.o.oooooooio 6 33.4 | 36.2 6 37.0
White females .. B 6 33.6 36.9 6 37.6
Indian males .. .. 6 35.5 38,8 6 | 37.9
Negroes, both sexes.............. 5 32.8 36.3 5 38.8

Kxcept in the Indian males, the fosse in the smallest crania are in
all the groups relatively longer than those in the largest skulls of the
series, which means that the cerebellum increases in length in a
slightly lower ratio than the skull. It is rather remarkable that the
negroes show in this respect, as on many former oecasions, nearer the
whites than the Indians, while in maey external features of the skull
the Indians are intermediary between the two.
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The absolute and relative length proportions of the cerebellar fossw,
contrasted between adults and young, man and animals. sexes. races,
and in the main cranial forms, are as follows:

Length proportions of postero-inferior fossw in relation to greatest external and mean
internal length of the skudl.

! Average Average |
Average |relation of relation of

Average N 3 |
| Num- external | l('g]'ettllln(f 2}%}5"&“} [hfttllfélﬁfll Nuim-
Snbjects. berof maximum thcéz ‘m;_ I t(? thi ‘1“‘ to the | ber of
el 19251(]}1‘]_01 | terodn‘e- | dorsal ventral Skulls.
rior foss@. | length of || length of
1 | \ the skull. | the skull. |
R S - S R B
Adults: ‘ |
Whites, males— cin. min. |
DOLICH OCCH A SRS | 14 1954 3. 4 33.0 || 35.7 10
Mesocephals. ... ... 11 | 18.7 63.7 34.0 36. 4 14
BrachycephalS .c.........oo..| 11 | 18.2 G228 34.4 37.5 10
Whites, females— \
Dolichocephals. .......o.o..... 5 | o 58,6 32.9 35.6 | 10
Mesocephals. . co 6 17.8 61.1 34.4 37.0 9
Brachycephals ................ (i 17.3 60.4 35.0 38.2 | 5!
Indians, males— { |
Dolichoecephals................ ... ! 10 18.3 34.8 38.2 | 10
Brachycephals 10 16.9 34.9 38.5 10
Negroes: I \
Matles, dolicho- and mesocephals. . 14 18.6 34.4 37.9 13
Females, dolicho- and mesocephals 5 17.7 34.1 37.1 8
White fetuses and children, brachy- |
cephals... ) D |oaococcaacos 27.2 36.0 38.0 3
Colored fetuses and children: | i 1
Brachycephals .................... {0 A ——— 32.2 | 3.0 36. 4 10
Dolicho- and mesocephals......... 20 |oeceeennnn.. 32.2 3B 60 I 35.1 20
Anthropoid apes: ’ | “
Chimpanzee 2 1.9 42.8 36. 0 38.8 2
Orangs . .. 6 1.9 1.2 | 34.5 || 39.1 | 6
Gibbons .. | 1] 7.5 24.6 32.6 || 33.8 4
Monkeys and lemu Il
Macacus pelops ‘ 1 8.2 24,0 29.2 31.2 1
Cebus hypoleweus. . ......... 1 7.5 18.7 25.0 28.0 1
Alouata senicula 1 7.0 20.5 29.3 34.9 1
e o0 b 0 0000000000000 1 4.1 11.5 28.0 29.3 1
LEemur varius ..o oeeeenniaanaaen... 1.4 6.0 16.0 2 1

26.7 | 30.

The average relative proportions of the cerebellar fosswe differ, it
is seen, but little between human adults and human young, both
groups taken as a whole. If the cases are taken individually, it is
found that there is a greater variation in the relative proportions of
the ecavities in the fetuses and young than in the adults (yvoung,
27.2-47.2; adults, 28.8—40.1; in the young, proportions below 30 in 9
per cent and above 40 in 5.1 per cent of the fossw, in adults, those
below 80 in 1.5, those above 40 in 0.4 per cent of the cavities). These
greater inequalities in the young are in all probability due more to
the relatively abundant tissues about and especially in the rear of the
cerebellum than to variation in the hind-brain itself. The volume
itself of the fetal cerehellar foss@ would be smaller were these tissues
not present, and their relative length would not equal that in the adultx.
Among anthropoid apes the relative dimensions of the cevebellar
fossw in the chimpanzee and orang are much like those in some of the
series of human adults, but those in the gibbon are noticeably lower,
and they are still lower, with one exception, in the monkeys and lemur.
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The adult human cerebellum is, therctore, relatively somewhat longer
than it is in gibbons and lower primates.

Sexual differences are insignificant in the whites as well as the negroes.

As to racial differences, there ix a slight excess in the relative length
of the cerehellar fosswe (as there was with the postero-superior ones) in
favor of the Indians.  Again in this instance the negroes appear nearer
to the whitex than the Indians.

Finally, the data show the existence of decided ditlerences in the
relative length of the cevebellar fossie between the main cranial forms;
the proportion isthroughout, even in the young, greater in the hrachy-
cephals than in the dolichocephals. A somewhat similar condition
was seen also with the postero-superior cavities.

The relation of the length of the cerebral to that of the cerebellar
portion of the posterior fossw is shownin the last table of this section. In
conforniity with the separate data concerning the two cavities, the cere-
bellar fossa is <cen to he relatively longer in all the brachyeephals than
in the dolichocephals.  In the dolicho- and mesocephalie fetuses and
voung the cerebellar fossa is relatively shorter than in the adults: in
the orangs and gibbons the relation of the two cavities is nearly as that
in man, but in most of the monkeys it shows larger differences.  In
the lemur. finally, the superior part of the fossa shows but a slight
excess over the inferior.

Relation of the length of the cerebellur to that of the posterior cercbral { postero-superior)

Jfossu.

| > -
Num. | Lropor

- N tion, the
Subjects. jiflf]ﬁ'f | cerebellar
; 7 fossa=100.

Adults:
Whites, males—
Dolichocephals o000 00 - . 20 129
Mesocephals .. 19 7]
Brachycephals 19 124
Whites, females—
Dolichocephals ..o o 0 o .. 10 129
Mesocephals.. 9 126
Brachycephals S ‘ 125
Indians, males—
Dolichocephals oo i 10 127
Brachyeephals. ..o oottt o e 10 | 125
Negroes— ‘
Males, dolicho- to mesocephals. ..o o ... 15 12t
Females, dolicho- to mesocephals. .. ... 0. .. ... 10 126
Fetuses and young:
Dolicho- and mesocephals. ... . oo ... A 20 34
Brachyeephials C oo o e 19 126
Anthropold apes:
Chimpanze 66560000050 09600000005050000 ISP 2 116
Gorilla 1 140
Orangs 6 124
GIbbOMS . il 125
Monkeys, ete.:
CYROCEPRATUS . - oL il 1 158
Macacus pelops. . 1 135
Cebus liypolewcus 1 149
Myceles. ......... 1 140
Alouata senicula. i 120
Mudas......... 1 143
Lemur varius. ... 1 108
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SUMMARY OF THE RESULTS

OF MEASUREMENTS OF THE

CRANIAL FOSSZA.

Results obtained from the absolute measurements
and by comparing the length of the foss®e with
the dorsal and ventral lengths of the skull,

ANTERIOR FOSS¥. @

1 (a) The average absolute length of the right
cavity is somewhat greater than that of
the left in all the human series, in all the
anthropoid apes exeept the gibbons, and
in s]nme other primates and lower mam-
mals.

(b) Individually, the largest percentage
longer right fosse and the most pro-
nounced differenees between the length
of the two cavities oceur in the human
adults, and then in the higher anthro-
poid apes (ehimpanzee, gorilla, orang).

2. There is a prevalenee of relatively short ante-
rior fosse in the largest, and of relatively
long fossee in the smallest skulls,

3 (a¢) The mean length of the anterior cavities is
relatively greater in the human fetuses
and young than it is in human adults.

(b) It is also greater in most of the primates and
other mammals examined than in the
human adults.

() Tt is slightly greater in the human adult
females than in the males.

(d) 1t is nearly alike in the whites and the
negroes, but is smaller in the Indians;
and, tinally,

(e) 1t it slightly smaller in the dolicho- than
in the brachycephalic skulls.

MIDDLE FOSSE.

1 (a) The average absolute length of the right
cavity is slightly greater than that of
the left in a large majority of the hu-
man series and in the anthropoid apes,

while in the other primates and mam- |

mals the two fossa are in average about
equal.

(b) Individually, the largest
longer right middle fosse and the most
pronounced differenees  between the
{ength of the eavitiex oceur in several
series of the human aduits (in the doli-
ehoeephals),and then in the anthropoid
apes.

(¢) Compensation in length with the anterior
fosste appears possible in only a lmited
proportion of cases. In one-third of the
skulls the middle cavity was greater in
length on the same side as the anterior.

2. The differcnees in the relative length of the
middle foss@ between the largest and
smallest skulls are not well detined.

3 (@) The mean length of the middle eavities is,
relatively, smatler in the human young
than in adults,

(b) Tt is greater than in the adult man in the
anthropoid apes, and especially so inthe
monkeys and other mammals.

@i !

pereentage of |

Results obtained by eomparing the length of the
foss® with their eombined length, and among
| themselves,

ANTERIOR FOSSE, €

1 («) The average absolute length of the right
eavity is somewhat greater than that of
the left in all the human series, in all the
anthropoid apes exeept the gibbons, and
in some other primates and lower mam-

| mals.

)

Individually, the largest percentage of
longer right fossee and the most pro-
nouneed differenees between the length
of the two eavities oecur in the human
adults, and then in the higher anthro-
poid apes (chimpanzee, gorilla, orang).

3 (a) The mean length of the anterior cavities is
relatively greater in the human fetuses

and young than it is in human adults.

(b

It is also greater in most of the primatesand
other mammals examined than in the
human adults.

(¢

But little differenece in whites; length
greater in negro females than in males.

(d) Smaller in the Indiang; slightly greater in
the negroes than in whites.

(¢) Somewhat greater in the dolichiocephalie
male whites, smaller in the dolichoce-
| phalie Indians, than in brachycephals,

MIDDLE FOSSE.

| 1 (a) The average absolute lTength of the right
eavity is slightly greater than that of
the left in a large majority of the hu-
man series and in the anthropoid apes,
while in the other primates and mam-
mals the two foss@.arein averageabout
I equal.

(b) Individually, the largest pereentage of
longer right middle fosse and the most
pronounced differenees between the
length of the eavities-oecur in several
series of the human adults (in the doli-
choeephals), and then in the anthropoid
apes,

3 (a) The mean length of the middle eavities
is, relatively, smaller in the human
young than in adults.

(b) Slightly greater in some anthropoid apes,
decidedly greater in monkeys and le-
mur (also in other mammals examined)
than in man.

a 1t should be borne in mind that the two headings represent not equal, but only cognate, aspeets

of the ease, mathematically as well as morphologically.

that will be observed,

This aceounts for the several differences
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Swininctry of the results of measirements of the eranial josse—(Continned.

Results obtained from the absolute measnrements  Results obtained by comparing the length of the

and by comparing the length of the fosswe with fosswe with their combined length, and among
the dorsal and ventral lengths of the skull. themselves.

MIDDLE Foss.E—continued. MIDDLE FOSS.E—continued,
(e¢) Differences are quite immaterial in whites, (¢) Fossa smaller in the female negro.

though there isa tendency to smaller
relative proportions in the females: in
negroes, smaller in the females.

(d) Differences quite immaterial, thongh some- (d) Fossa somewhat smaller in the negroes of
what smaller {han in any other adult both sexes than in other human adults

human series in the female negro.

(¢) The relative length of the middle fossa is (e) The relative length of the middle fossw is

throughout smaller in the dolicho- than throughout smaller in thedolicho-than
in the brachycephals. in the brachycephals.
CEREBRAL PART OF THE PONTERIOR FOSS.E. CEREBRAL PART OF THE POSTERIOR FOSS.E.
1 (a) The average absolute length of the right ‘ 1 (a) The average absolute length of the right
cavity is deeidedly shorter than that of cavit 1~nl(c1dedlv shorter than that of

the Teft side in all the series of human the left side in all the scries of human
adults and anthropoid apes, moderately adults and anthropoid apes, moderately
shorterin the human young, and slightly shorterin the human young, and ~hght1v
shorter in the lower primates and other | shorter in the lower primates and other
animals. animals.

(b) Individually, the largest percentage of (b) Tndividually, the largest percentage of
longerleft fossae and the most pronounced longer left fosse and the most pro-
differences between the length of the two nounced differences between the length
cavities ocenr (asx with the anterior and of the two cavitics occur (as with the
middle fosse) in the human adults, and anteriorand middle fossw) in the human
then in anthropaid apes. adults, and then in anthropoid apes.

(¢) The length of the posterior fossa stands
frequently in compensatory relation with
the combined length of the anterior and
middle foss@ on the same side. |

There are no regular or large differences in the
relative length of the postero-superior
fossie between the largest and smallest
skulls,

@

(a) The left fossa in the young shows smaller,
the right about equal index, as compured
with that in adults; eontrasted with the
combined length of the anterior and mid-

3 (a) The mean relative length of the postero-
superior cavities, compared with the mean
ventral antero-posterior diameter of the
skull, iz, inthe human fetuses and young,

slightly greater than in some seriesof the dle fosse, it appeurs smatler than in the
adults and smatller than in others, adults.

(b It is smaller than in adult man in anthro- (b) It ix smaller than in adult man in anthro-
poid apes (exeept the orang), monkevs, ‘ poid apes (except the orang), monkeys,
and especially in the lemur. and especially in the lemur,

{¢) There is no material difference between the (¢) There is no material ditference between the
NeXEN, sexes,

(d) From the racial point of view, the length is (d) From theracial point of view, thelength is
relatively greatest in the Indians; it is relatively greatext in the Indians: it is
nearlyalikein the whites and the negroes; nearly alikein the whitesand the negroes:
finally, finally,

(€) It is greater in the brachycephals than in (e) Theindex issomewhatgreaterin all but one
the dolichocephalsamong the whites, but of the sericsof dolichocephals than inthe
smaller in the former than in the latter brachycephals, and comparison of the
among the Indians. length of the postero-superior fosse with

that of the anterior and middle fosse,
shows excess for dolichocephals in all the
[ series.

The combined length of the three cerebral fosste is greater on the left in from 64
to 80 per cent of the adult dolicho- and mesocephals, hut there is a prevalence of
greater length on the right side in the brachycephals, the young and the primates,
14

Proc. N. M. vol. xxxii—07
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CEREBELLAR TFOSS.E.

1 («a) The right cavity shows a greater average absolute length in adult white
males and in the Indian male dolichocepbals, but is shorter than the left in the
adult male as well as in feinale negroes.  Among brachycephals, white and Indian,
the differences are immaterial.

() In human fetuses and young in anthropoid apes, monkeys, and lemurs the
left fossa is more often the longer.

(¢) Correlation between the length of the cerebellar and any of the individual cere-
bral fossee is nil, or very limited.

2. In the largest skulls the cerebellar fossze are relatively shorter than in the smatl-
est crania.

3 («) The mean length of the cerebellar cavities is, relatively, somewhat smaller
in the human young than in adults.

(b) Itislike in man in the chimpanzee and orang, but is smaller in the gibbon,
and especially =0 in the monkeys and lemur.

(¢) Sexual differences are quite immaterial.

(d) As to races, the fosste are relatively mnearly alike in the whites and the
negroes, but are longer in the Indians; finally,

(¢) The relative length of the cerebellar fossie is greater in all the series of
brachyecephals than in dolichoeephals.

With all the four fossze, and in all series, that cavity which is more often the
longer than its mate of the opposite side shows generally also a larger range of the
excesses of measurement.

If the above results of the studies on the skull are now applied to
the brain itself, i. e., to those parts of the brain represented by the
measurentents taken, the indications are that—

Lo lovmian adults, in general, the cerebrum presents in the majority
of cases a greater basal length {as obtained by the measurements here
dealt with) on the left side; the length of the frontal lobe is some-
what greater on the right than on the left side; the length of the
parietal lobe is slightly greater than that of the frontal, and in most
instances is also slightly greater on the right than on the left side;
compensation in length with the frontal lobe appears to be very lim-
ited: the length of the oceipital lobe is decidedly greater than that of
the frontal or that of the parietal lobe (with the former as nearly 1.5
to L, with the latter as over 1.5 to 1): wnd it is decidedly greater, ina
large majority of braing, on the left side; there exists frequently a
compensation in length between the two more anterior lobes and the
oceipital: the length of the cerebellum is smaller than that of the
oceipital lobe, but is always in excess of that of either the anterior or
the middle lobe of the cerebrum; the right lobe shows in some of the
series (whites) a prevalence of greater length on the right side; in
others (negroes) on the left side: no correlation appears between the
fength of the cerebellum and that of the occipital, or any other portion
of the cerebrum; the largest adult human brain shows a relatively
smaller leneth of the anterior lobes than do the smallest specimens;
with other portions of the organ the differences in this respect are
irregular.
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In human fetuses and young in general, the relative length of the
anterior lobes is greater than that in adults; the average length of the
richt lobe is already somewhat greater than that of the left, but indi-
vidually there are many more cases than in the adults in which the
two are equal; the length of the parietal lobes is smaller than that of
the frontal (a reverse condition from that found in adults): the rieht
lobe is the longer more often than the left, but in one-halt of the
specimens they are equal; the relative length of the parietal lobes is
less than in adults: the relative length of the oceipital lobes, or at
least of that on the left side, is slightly smaller than the general
average in adults: there ix a prevalence of longer left lobe, but the
proportion of equally long lobes is larger than among the adults: the
relative length of the cerebellum isx somewhat smaller than in adults;
and the left lobe is more often the longer.

In the anthropoid apes. monkeys, and other mammals (so far as
represented), the velative length of the frontal lohes is, with a few
exceptions, greater than in human adults and often greater even than
in human young; the right lobe is probably longer in all the apes
except gibbons, and was found longer individually also in some of the
other primates and mammals (the ditferences being greatest in the
higher apes): the length of the parvietal lobes is greater than that of
the frontal in the gorilla and orangs, and in several of the monkeys,
but ix smaller in the gibbons. macaque, deer, and particularly in the
pig: the right lobe is prevalently the longer among the anthropoid
apes only; the relative length of the lobes is greater in anthropoid
apes. and especially in the monkeys and other mammals, than it is in
adult man; the relative length of the oecipital lobe is smaller in an-
throphoid apes than in man, and still smaller in the monkeys and
lemurs: in mycetes, alouata, and especially in Jemur, it is shorter
than either the frontal or parietal lobe: the left lobe is prevalently the
longer in the apes and among monkeys. but was found shorter than
the right in midas and lemur; the relative length of the cerebellum is
somewhat greater than in adult man in the chimpanzee and orangs,
but is smaller in the gibbons and other primates with lemurs.

Sexual differences in the brain are, so fur as here dealt with. hut
few in number and not large.  Relatively the anterior lobes are slightly
longer in the females than in the males, and there is apparently some
correlated tendency in the females, especially in the negroes, to
smaller velative length of the parietal lobes.

Racial brain differences indicated hy the results of this study are as
follows: The relative lengtli of the anterior lobes is smaller in the
Indians than in the whites and negroes (in whom it i< nearly alike): the
middle lohes are velatively smaller in the female negro than in any
other series of human adults; the oceipital portions are relatively
longer in the Indians than in the whites and negroes (in whom they are
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nearly alike): the cerebellum shows the prevalence of a greater length
of the left lobe (in some whites and Indians right lobe): and the length
of the hindbrain is relatively more considerable in the Indian than in
the white or negro (in whom it is nearly alike).

Finally, as to brain differences in the prineipal forms of the skull, it
was found that the rvelative length of the frontal lobes is somewhat
smaller in the dolicho- than in the hrachycephals; the relative length of
the parietal lobes is throughout smaller in the dolicho- than in the
brachycephals: the relative length of the occipital portions of the
cerebrum is on the whole larger in the dolichocephals (see indexes of
the fossae and comparison of the length of the postero-superior fossa
with that of the anterior and middle cavities): finally, in the cerebellar
length, the dolichocephals show more ditference on the two sides than
the brachyeephals, but the brachyeephals show throughout a greater
relative length of the hindbrain than the dolichocephals.

On the basis of this study the following characteristics of the adult
human skull or brain may be viewed ax of lower developmental order:
A large relative length of the frontal fossa, or trontal lobes (infantile
and animal feature); a small relative length of the middle fosswe, or
parietal lobes (infantile feature); asmall relative length of the cerebral
part of the posterior fossa, or the portion of the cerehrum it contains
(infantile and animal feature), and a smaller relative length of the
cerebellar fossa, or the cerebellum (infantile and animal feature).

Looking at the series of examined skulls in this light, the male
skulls show a little more favorably than the female; racially we are
confronted with the curious and most unexpected fact of the quite
close position of the whites and negro males and a more advanced
differentiation of the Indian over both, while as to eranial types the
dolichocephals show some developmental superiority in the frontal and
postero-superior fossae and corresponding lobes, the brachycephals in
the middle fosswe, or lobes, and in the relative length of the whole
cerebrum,

Much larger series of specimens would very likely accentuate many.
and probably modify a few, of the results obtained with the numbers
available to the writer. Tt is to be hoped further opportunities in this
respect will arise and be utilized here or clsewhere with other investi-
gations in the future. Measurements on the brain itselt could, per-
haps, take to some extent the place of those on the fosswe, though
more confidence must remain with the latter, which are not subject to
deformation.
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EXTERNAL LENGTH OF SKULL COMPARED WITH THE INTERNAL.

There are several items of interest which were inquired into in con-
nection with the preceding study.

One of these is the relation in the several series between the greatest
external and the greatest mean internal length of the skull. The com-
parison given in the succeeding table shows a slight excess in the
thickness of the skull in the white brachycephals over that in the white
dolichocephals: a slight excess in the Indians over whites: and an
appreciable excess in the negroes over the Indians.  These differences
explain better than has heen done heretofore the discrepancies noticed
between the comparisons of the cranial fossie with the dorsal and ven-
tral lengths, and demonstrate the greater suitability of the latter for
such a function.

Diaineter antero-posterior maximum of the skull dorsally compared with meun diameter
antero-posterior macioniin ventrally.

Males. | Females.

. - Dolicho- > Brachy- Dolicho- ey P Brachy-
Sub- ’ cephals, oyl cephals, cephals. Mesocephals. cephals.
jects. i L ,, T e | e - B

D. a- D. a- | Da- b.a D. a- D. a-
. a- s ). &- ) a- 5 D. a- g . a- 5 D.a- v
r))]:i ). m'x ;Iv ]ﬁ . Il' u; Lmn n‘1 p.oa'n [t pe men Ig p. m'u
‘ P--Cventr,) P-™ (ventr.) PoM- \ (ventr.) 1" 7 (ventr.) T | (ventr.) ' (ventr.)
chi. cm. cm. cnt. cm. (&7 cne. cm. em. Chit. one, cm.
o ® (12) (9) () (6) (4)
Whites.| 19.1 L7 RIS 17.3 § 18,2 16.7 | 17.8 16.6 17.8 | 16.5 | 17.3 15.9
a(—1.4) a(-—1.4) ‘ a(—1.5) a(—1.2) a(—1.3) a(—1.4)
. (10) (10) ‘ | i
Indians | 18.3 T [loocolle dabacocdh | 16.9 | TG00 8 B800 00 coo o BEEEG BEBEEREaS BEoat, 5o - SeoR
‘ a(—1.6) 11(~_1,5)’
| (13) \ (7) ’
Negroes | 18.5 ) (138 10 P I P P 17.9 116 2[NS | SN | Y| S
a(—-1.7) a(—1.7) ! }

a Difference from dorsal length.

In order to see how other lengths of the anterior fossw, and espe-
cially their relation to the ventral length of the skull. agree with the
measurenment chosen and its relations, the writer secured also in most
of the specimens utilized the distance from the foramen caecum to the
anterior boundary of the pituitary fossa. The table beneath gives
the results and these, it will be scen, express much the same condi-
tions as were found with the regular measurement of the frontal cav-
ity. There is (except in the white females where the small number of
specimens is evidently at fault) again a predominance of the length in
the brachyeephals over that in the dolichocephals, and there are seen
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again the smaller relative proportions of the measurement in the
Indians than in the whites and negroes of a similar head form. A
disadvantage to this measurement consists in the variation in the region
just anterior to the pituitary fossa.¢

FORAMEN C(ECUM TO PITUITARY FOSSA.

Length from foramen eacwmn to pituilary  fossa.

Adult males. Adult females.

|
Subjects. Dolicho- |  Meso- [ Brachy- | Dolicho- | Meso- Brachy-
cephals. cephals. cephals. | cephals. ecphals. eephals,
— s ‘ -
|
|

chi. c.n. cni Ci. Chi. cne,
(20) (20) | (20) (%) (8) (8)
WHtes .l 5.06 1.90 | .82 1.75 | 1.78 1.70
(10) | (10) ;
Indians ... ... _..... [ 4.54 Lo.......... EI R R AU SR
(15) | (10)

NOZLOCS oo e 1.76 | ............ 461 bl
| |

Relation of length from foramen ccecun lo pituitary fossa, to the mean rventral cranial
length (the lalter = 100).

Adult males. ‘ Adult females.
Subjects. Dolicho- |  Meso- Brachy- | Dolicho- Meso- Brachy-
cephals. | cephals, cephals. eephals. cephaly. cephals.
. Lan s (10) ) @
Whites. ...l 28.2 | 28, 4 29.8 29.1 29.2 a?2s.1
. o (10)
Indians .............. ... ... Dl |commococcses b2 3 P (R (R
. (13) \ (8)
NegrOeS e eee e eeeeieeaannns 7 A : 25,6 leeeciieea...
1 |

a4 cases only.

GREATEST VENTRAL FRONTAL BREADTH.

Finally, an etfort was made to measure the greatest frontal ventral
diameter corresponding to the greatest breadth of the frontal lobe.
This measurement conld be more profitably taken on the brain itself,
or on ecasts of the frontal part of the cranium. There is found in
almost every skull, on each side, and just anterior to the coronal
suture, a marked depression, which probably corresponds to the great-
est expanse of the frontal lobe, but definite landmarks from which to
measure are lacking.  Notwithstanding this difliculty, certain inter-
esting results have been arrived at, namely:

« Ree A, IMTrdlicka, Dimensions of the Normal Pituitary Fossa in the White and the
Negro Races; Arch. of Neurology and Psychopathology, Utica, N. Y., I, No. 4, 1898.
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Lreadth, iaxinaun, of frontal vegion (centradly).

Adult males. Adult females,
ke | Dolicho- " Meso- Brachy Dolicho- Meso- Brachy-
cephals. cephals. cephals. cephbals, cephals, ¢ephals,
cut. I “ni, o, o, om. om.

(17) (16 (153 (1 (S h)

Whites .. ..o §.9 10.5 10.8 0.3 9.6 10. 0
{6) (3) .

Indians....cc.cooveveian.... 87 |os0csscsscsn LONSFREPPITN . ISR . . JSSC .
(1) 10)

NEZIOCS « o oieeeiieiieaaaaann e B s a7 R R B

Breadth, merinaon, of frontal vegion, ventvally, conipared with breadtl maciman of the
i skull dorsally.

Adult males. Adult females,

BURTIES Dolicho- Meso- Brachy- Dolicho- | Meso- Brachy-
cephals. cephals, cephals. cephals. | cephals, cephals.
= = = g — | s
(17) {169 (15) (6) (8) ()
Whites................ ... 71.3 719 0.6 1.5 70.0 710
(6) (3) |
Indians ................... . AR 3.0 L loanaaace -8 BB ascocas
(14) (10,
Negroes coovneienniaeannannn SNSRI i SUSISS Y TLE cooaeoas
Fetuses and young, both sexes:
White, brachyecephalic (6) ... o e 0.9
Colored—i. e., negro and negro-white—
Brachycephalie (10) - i 8OUT
Dolicho- and mesocephalic (20) .. i 82,3
Apes—
1ehimpanzee ... ..o il . . __ .
6 orangs. . 7
B 321 4270
Monkeys—
1 Maearus Pelops « ..o il

| .louata senicula .
1 Cebus hypoleveus.
1 Lemur vavius ..
N Ui 8 QRETFIRINIS 0 0 000 0c ac 00000 0o oe oo BE0 G068 EB0E0 00800500 6 08 AEIBHEAE S 88 S50 S L - o 5

At first sight the above data are qnite striking, but it must he
remembered that the froutal breadth has heen compared with the
dorsal breadth of the skull, which varies in the different series. The
proper way would be to compare the former with the greatest ventral
breadth in all the skulls. but the latter measurement is diflicult and in
the material here utilized was not always possible.

The thickness of the skull ix very nearly the same in human fetnses
and young. in gibbons. alouata, cebus, and lemur, and the data obtained
on these specimens are directly comparable.

In the orangs and chimpanzees the thickness of the two parieties at
the location of the greatest breadth ot the skull exceeds that in the
human young by about 5 mm.. in the negro by about 7., in the
Indian and white male by about 6 mm.. and in the white female hy
about 5 mm. Reducing the greatest external hreadth of the skulls in
(uestion by these figures aud comparing the greatest internal frontal
hreadth with the remaining proportions. we obtain the following data.
which are quite suitable for comparisons with the human young.
gibbons, and other above-nmmed speeies,
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Tie yreatest ventral frontal breadth compared with greatest breadth of the skall (reduced),
the latter taken as 100.

Adult white males. ..o oo o . 74.3 | Chimpanzees

Adult white females .. ... ... __. T35 Orangs. ... ...
Adult Indians oo o0 o oo L 75.6 | Gibbons ... ..

Adult negroes .. ... . 76.9 | Monkeys

Human fetuses and young. ... _. 81.6 | Lemur. .. oo .o o il

[t appears that the difference hetween the greatest breadth of the
frontal lobes and the greatest breadth of the skull, or, respectively, of
the cerebrum, is less in the lemur and in most of the lower primates,
as well as in the human fetuses and young, than it is in human adults,
particularly among whites.  With all their imperfections, these deter-
minations point to another line of anthropometric studies on the hrain,
promising interesting results.

The detail tables of measurement of the eranial fosswe are appended
to facilitate toutrol of the preceding data, as well as the utilization of
the series for future studies; and to show the individual variations
which conld not be dealt with conveniently in the text.

DETAILED DATA.

Swnnary of absolute and relalive lengths of the eranial fosse.

& Ratio of length of foss@ | Ratio of length of
Fe Absolute lengths, to  greatest dorsal foss@etomean ventral
= g length of skull. length of skulls.
=5 I E L [
B = J . o & | o N
Subjects. = & oy S a2 & @ = % 2 o 2
Sz% & | £ |5z S| S| %8s 5| S| E |58 a
2T, = & 2 = 5 o 78 s e S 78 &
088 5 | < | % =l 5l l1éz|l35 8|5 |52 35
Y=l g 2 = 5} = S| @ = & i)
£2 B |31 5 |E (|82 |% g 3
222, £ | = |z z == E 5 2l E Z g
= < | A ‘ = € = = | & < < = | & ]
Adulis: . l
Whites, males— ci. mm. | wan. i wmm.  mm.| P.cl:| P.ct.| P.ct.| P.ct.| P.et.| P.ct.| P.ct.'P.et.
Dolichocephals.. 19,4 | 52,7 [ 54.9 | 82.1 63.4 | 27.3 | 28.3 | 42.4 | 33.0 | 29.3 | 31.9 | 45.9 ' 35.7
Mesoeephals. ... 18.7 53.2 80.7 | 63.7127.5]29.4| 43.0 | 34.0| 29.5 | 32.2 | 46.0 36.4
Brachycephals .| 15,2 55.9 ' 77.3 | 62.9 | 27.3 | 30.7 « 42.4 | 34.4 [ 29.6 | 33.9 | 46.4 = 37.5
Whites, females— |
Dolichoeephal 8| 48.2 1 51.0 75,9 58.6 | 27.1 | 28.6 | 42.6 | 32.9 { 29.4 | 31.4 15.8 35.6
Mesocephals 17.8 | 49.7 | 52.4 | 76.9 | 61.1 | 28.1 [ 29.5 | 43.3 | 34.4 | 30.4 | 33.0 46.8  37.0
Brachycephal 17.3 | 48.6 | 61.4 | 75.8 | 60.4 | 28.2 | 29.8 | 43.5 | 35.0 [ 30.0 | 32.0 47.4  88.2
Indians, males |
Dolichocephals.. 18.3  46.6 | 52.5 | 80.8 | 63.6 | 25.5 | 28. 7144.2134.8|28.0!31.5 48.5, 38.2
Brachycephals ../ 16.9 3 52,7 | 73.8 59,2 | 26.8 | 31.2 | 43.6 34.9 | 29.5 | 34.3 | 48.0 : 38.5
Negroes— i
Males, dolicho-
and meso-

cephals ........ 18.6 ' 50.6 | 53.5

Females dolicho- i
and meso-

cephals ......_. 17.7 1 50,2 | 49.7 | 75.¢
Human fetuses and

=
%]
2
2
[
o
=
L5
] =
S S
< w

Chimpanzees.... 11.9 ¢ 38.5 1 49,8 12
Gorilla ... . : 43.0 59.7 42
Orangs ... I 7.1 51.0 41 .4
Gibbons ...... 7.5 24.2  30.8 2t .5

Monkeysand lemur

[~
(SIS0 PR SRS I

Mucacus pelops .. 8.2 28.5 | 32.5 38.3 31.2

Cchus hypotewens. 7.5 24,0 | 28.0 , 18. 34.7 28,0

Mowata senienla . 7.0 | 23,0 | 25.7 | 24.5 | 20 39.1 | 34.9

Midas ... 1.2 113.0(15.2 | 16.5 | 11 33.1 29.3

Lemur rarius ... 6.0 22,0 | 22.5 | 17.2 | 16.0 41.5 30.2
| ] {
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